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HYBRD INTERPOLATION AND 
NON-INTERPOLATION METHOD AND 

APPARATUS FOR MAGE ENLARGING AND 
CONTRACTING 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to an apparatus for processing 

image data to enlarge and contract an image repre 
sented by the data. This invention also relates to a 
method of processing image data to enlarge and con 
tract an image represented by the data. 

2. Description of the Prior Art 
It is well-known to use interpolation in processing 

image data to enlarge and contract an image repre 
sented by the data. Japanese published unexamined 
patent application 63-282886 discloses interpolation 
designed for such a purpose. 
According to the interpolation disclosed by Japanese 

patent application 63-282886, each of areas among pix 
els of a whole original-image (source-image) region is 
divided into small segments or sub areas, and reference 
tables contain information of determining which of 
adjacent pixels should be selected for each sub area. The 
total number of the reference tables corresponds to the 
number of different combinations of pieces of adjacent 
pixel information. The reference tables are provided in 
a ROM. For each pixel which will occur after an enlar 
ging/contracting process (a pixel of an enlargement 
/contraction-resultant image or an object image), a 
corresponding original-image sub area is determined, 
and a reference table is selected which corresponds to a 
combination of adjacent pixels of the sub area. Then, 
information of determining which of the adjacent pixels 
should be selected in accordance with the sub area is 
read out from the reference table. Data of the adjacent 
pixel which is selected according to the information is 
written into a memory as pixel data representing a seg 
ment of the enlargement/contraction-resultant image. 
The interpolation disclosed by Japanese patent appli 

cation 63-282886 has a problem as follows. In the case of 
enlargement/contraction with an arbitrary magnifica 
tion, for each pixel of an enlargement/contraction 
resultant image, a corresponding original-image sub 
area needs to be determined. In addition, for each deter 
mined sub area, it is necessary to perform access to the 
ROM to select a reference table corresponding to a 
combination of adjacent pixels. In this way, an interpo 
lating step is executed for each pixel of the enlargement 
Mcontraction-resultant image. Thus, in the case where 
such interpolating steps are required to be simulta 
neously executed on eight different pixels, it is neces 
sary to simultaneously determine corresponding origi 
nal-image sub areas for the eight pixels and also it is 
necessary to previously provide eight ROM's storing 
reference tables. 

U.S. Pat. No. 4,933,775 discloses an image enlarging 
or contracting method which includes the steps of ob 
taining groups of interpolated image signal components 
along every array of original picture elements so that 
the interpolated picture elements corresponding to the 
interpolated image signal components of each group are 
deviated in position in a predetermined direction from 
the interpolated picture elements corresponding to the 
interpolated image signal components of every other 
group. A calculation is given of a mean value of the 
values of the interpolated image signal components 
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2 
corresponding to a set of the interpolated picture ele 
ments, which belong to different groups of the interpo 
lated image signal components and which correspond 
to one another. The calculation of the mean value is 
repeated for every other set of the interpolated picture 
elements, thereby to ultimately obtain a group of the 
interpolated image signal components, which are to be 
used for image enlargement or contraction, along every 
array of the original picture elements. 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide an im 
proved apparatus for processing image data to enlarge 
and contract an image represented by the data. 

It is another object of this invention to provide an 
improved method of processing image data to enlarge 
and contract an image represented by the data. 
A first aspect of this invention provides an apparatus 

for processing image data to enlarge and contract an 
original image, represented by the data, by P times in an 
X-axis direction while interpolating the data, P denot 
ing an arbitrary positive rational number, the apparatus 
comprising means for allowing a supposition that each 
of regions among pixels of the original image is divided 
into sub areas having a number of N by M, that is, N in 
the X-axis direction and M in a Y-axis direction, N 
denoting an arbitrary integer equal to or greater than 2, 
M denoting an arbitrary integer equal to or greater than 
1; an N-time interpolation enlarging means for execut 
ing an interpolation process determined by an original 
image sub area corresponding to a pixel of an enlar 
gement/contraction-resultant image while simulta 
neously generating a plurality of pieces of process 
resultant data representing a part of an image enlarged 
from the original image by N times in the X-axis direc 
tion; and an arbitrary-magnification enlarging/contract 
ing means for subjecting the plurality of the pieces of 
the process-resultant data to image enlargement and 
contraction at an arbitrary magnification in the X-axis 
direction without executing interpolation, and thereby 
for processing the plurality of the pieces of the process 
resultant data to enlarge and contract an image, repre 
sented by the plurality of the pieces of the process 
resultant data, by P/N times in the X-axis direction. 
A second aspect of this invention provides an appara 

tus for processing image data to enlarge and contract an 
original image, represented by the data, by Ptimes in an 
X-axis direction and Q times in a Y-axis direction while 
interpolating the data, P and Q denoting arbitrary posi 
tive rational numbers respectively, the apparatus com 
prising means for allowing a supposition that each of 
regions among pixels of the original image is divided 
into sub areas having a number N by M, that is, N in the 
X-axis direction and M in a Y-axis direction, N denoting 
an arbitrary integer equal to or greater than 2, M denot 
ing an arbitrary integer equal to or greater than 1; an 
N-time interpolation enlarging means for executing an 
interpolation process determined by an original-image 
sub area corresponding to a pixel of an enlargement 
/contraction-resultant image while simultaneously gen 
erating a plurality of pieces of process-resultant data 
representing a part of an image enlarged from the origi 
nal image by N times in the X-axis direction; an arbi 
trary-magnification enlarging/contracting means for 
subjecting the plurality of the pieces of the process 
resultant data to image enlargement and contraction at 
an arbitrary magnification in the X-axis direction with 
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out executing interpolation, and thereby for processing 
the plurality of the pieces of the process-resultant data 
to enlarge and contract an image, represented by the 
plurality of the pieces of the process-resultant data, by 
P/N times in the X-axis direction; a sub-area row calcu 
lating means for calculating a row number of an origi 
nal-image sub area corresponding to pixels in a same 
row of an enlargement/contraction-resultant image, the 
row extending in the X-axis direction; a reference data 
address generating means for generating addresses of 
pixel data on a source-image memory to which the 
N-time interpolation enlarging means refers; a selecting 
means for selecting a plurality of data from among data 
read out from the source-image memory as reference 
data, wherein the reference data selected by the select 
ing means are referred to by the N-time interpolation 
enlarging means every process; a write data address 
generating means for generating an address on an ob 
ject-image memory into which data processed by the 
arbitrary-magnification enlarging/contracting means is 
written; and a control means for controlling transfer of 
the plurality of the image data from the N-time interpo 
lation enlarging means to the arbitrary-magnification 
enlarging/contracting means. 
A third aspect of this invention provides an apparatus 

for processing image data to enlarge and contract an 
original image, represented by the data, by P times in an 
X-axis direction and Q times in a Y-axis direction while 
interpolating the data, P and Q denoting arbitrary posi 
tive rational numbers respectively, the apparatus com 
prising means for allowing a supposition that each of 
regions among pixels of the original image is divided 
into sub areas having a number N by M, that is, N in the 
X-axis direction and Min a Y-axis direction, N denoting 
an arbitrary integer equal to or greater than 2, M denot 
ing an arbitrary integer equal to or greater than 1; an 
N-time interpolation enlarging means for executing an 
interpolation process determined by an original-image 
Sub area corresponding to a pixel of an enlargement 
/contraction-resultant image while simultaneously gen 
erating a plurality of pieces of process-resultant data 
representing a part of an image enlarged from the origi 
nal image by N times in the X-axis direction; an arbi 
trary-magnification enlarging/contracting means for 
subjecting the plurality of the pieces of the process 
resultant data to image enlargement and contraction at 
an arbitrary magnification in the X-axis direction with 
out executing interpolation, and thereby for processing 
the plurality of the pieces of the process-resultant data 
to enlarge and contract an image, represented by the 
plurality of the pieces of the process-resultant data, by 
P/N times in the X-axis direction; a sub-area row calcu 
lating means for calculating a row number of an origi 
nal-image sub area corresponding to pixels in a same 
row of an enlargement/contraction-resultant image, the 
row extending in the X-axis direction; a reference data 
address generating means for generating addresses of 
pixel data on a source-image memory to which the 
N-time interpolation enlarging means refers; a selecting 
means for selecting a plurality of data from among data 
read out from the source-image memory as reference 
data, wherein the reference data selected by the select 
ing means are referred to by the N-time interpolation 
enlarging means every process; a write data address 
generating means for generating an address on an ob 
ject-image memory into which data processed by the 
arbitrary-magnification enlarging/contracting means is 
written; a control means for controlling transfer of the 
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4. 
plurality of the image data from the N-time interpola 
tion enlarging means to the arbitrary-magnification 
enlarging/contracting means; and an interpolation in 
formation adding means for adding information to origi 
nal-image data read out from the source-image memory, 
the information representing the sub-area row number 
calculated by the sub-area row calculating means; 
wherein the N-time interpolation enlarging means pro 
cesses the original-image data into the plurality of the 
pieces of the process-resultant data on the basis of the 
information added by the interpolation information 
adding means, and the arbitrary-magnification enlar 
ging/contracting means processes the plurality of the 
pieces of the process-resultant data to enlarge and con 
tract an image, represented by the plurality of the pieces 
of the process-resultant data, by P/N times in the X-axis 
direction. 
A fourth aspect of this invention provides an appara 

tus for processing image data to enlarge and contract an 
original image, represented by the image data, by P 
times in a given direction while interpolating the image 
data, P denoting a predetermined positive rational num 
ber, the apparatus comprising an N-time interpolation 
enlarging means for interpolating the image data into 
first process-resultant data representing a first process 
resultant image enlarged from the original image by N 
times in the given direction, wherein the N-time inter 
polation enlarging means comprises means for simulta 
neously generating a plurality of pieces of the first proc 
ess-resultant data; and a P/N-time non-interpolation 
enlarging/contracting means for processing the first 
process-resultant data into second process-resultant 
data without interpolation, the second process-resultant 
data representing a second process-resultant image en 
larged or contracted from the first process-resultant 
image by P/N times in the given direction. 
A fifth aspect of this invention provides an apparatus 

for processing image data to enlarge and contract an 
original image, represented by the image data, by P 
times in an X-axis direction while interpolating the 
image data, P denoting a predetermined positive ra 
tional number, the image data representing states of 
respective pixels of the original image, the apparatus 
comprising means for dividing each of regions among 
pixels of the original image into sub areas having a 
number of N by M, that is, N in the X-axis direction and 
M in a Y-axis direction perpendicular to the X-axis 
direction, N denoting a predetermined integer equal to 
or greater than 2, M denoting a predetermined integer 
equal to or greater than 1; an N-time interpolation en 
larging means for interpolating the image data into first 
process-resultant data representing states of respective 
pixels of a first process-resultant image enlarged from 
the original image by N times in the X-axis direction, 
wherein the N-time interpolation enlarging means com 
prises means for determining a sub area of the original 
image which corresponds to each interpolated pixel of 
the first process-resultant image, means for determining 
a state of the interpolated pixel of the first-process 
resultant image on the basis of states of pixels of the 
original image which are adjacent to the determined sub 
area of the original image, and means for simultaneously 
generating a plurality of pieces of the first process 
resultant data which represent states of a plurality of 
pixels of the first process-resultant image; and a P/N- 
time enlarging/contracting means for processing the 
first process-resultant data into second process-resultant 
data without interpolation, the second process-resultant 
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data representing states of respective pixels of a second 
process-resultant image enlarged or contracted from 
the first process-resultant image by P/N times in the 
X-axis direction. 
A sixth aspect of this invention provides a method of 5 

processing image data to enlarge and contract an origi 
nal image, represented by the image data, by P times in 
a given direction while interpolating the image data, P 
denoting a predetermined positive rational number, the 
method comprising the steps of interpolating the image 
data into first process-resultant data representing a first 
process-resultant image enlarged from the original 
image by N times in the given direction, wherein the 
interpolating step comprises simultaneously generating 
a plurality of pieces of the first process-resultant data; 
and processing the first process-resultant data into sec 
ond process-resultant data without interpolation, the 
second process-resultant data representing a second 
process-resultant image enlarged or contracted from 
the first process-resultant image by P/N times in the 20 
given direction. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an image enlarging/con 
tracting apparatus according to a first embodiment of 25 
this invention. 

FIG. 2 is a block diagram of a quadruple interpolation 
enlarging unit in FIG. 1. 

FIG. 3 is a diagram of a quadruple interpolation en 
larging module in FIG. 2. 
FIG. 4 is a diagram of an array of sub areas and pixels 

in the image enlarging/contracting apparatus of FIG. 1. 
FIG. 5 is a diagram of an array of pixels of an original 

image. 
FIG. 6 is a diagram of the relation between pixels of 35 

an original image and pixels of an enlargement/contrac 
tion-resultant image. 
FIG. 7 is a diagram of an example of an original 

image. 
FIG. 8 is a diagram of an image which is enlarged 

double in an X-axis direction and also double in a Y-axis 
direction from the original image of FIG. 7 without the 
execution of interpolation. 

FIG. 9 is a diagram of an image which is enlarged 
double in the X-axis direction and also double in the 
Y-axis direction from the original image of FIG. 7 with 
the execution of interpolation by the image enlarging 
/contracting apparatus of FIG. 1. 
FIG. 10 is a block diagram of a reference data selec 

tor in FIG. 1. 
FIG. 11 is a diagram of an array of data of pixels in 

the image enlarging/contracting apparatus of FIG. 1. 
FIG. 12 is a diagram of an array of data of pixels in 

the image enlarging/contracting apparatus of FIG. 1. 
FIG. 13 is a diagram of the relation among a selection 

mode, a value SELECT(0:1), and selected data. 
FIG. 14 is a block diagram of an X-direction enlar 

ging/contracting unit in FIG. 1. 
FIG. 15 is a block diagram of a barrel selector in FIG. 
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FIGS. 16 and 17 are diagrams of an array of data of 

pixels composing an example of an original image, the 
pixel data array being in a memory in the image enlar 
ging/contracting apparatus of FIG. 1. 
FIG. 18 is a diagram of an array of data of pixels 65 

composing an image enlarged from the original image 
of FIGS. 16 and 17 double in an X-axis direction and 
also double in a Y-axis direction with the execution of 

6 
interpolation, the pixel data array being in a memory in 
the image enlarging/contracting apparatus of FIG. 1. 
FIG. 19 is a diagram of an array of data of pixels 

composing an image enlarged from the original image 
of FIGS. 16 and 17 double in an X-axis direction and 
also double in a-Y-axis direction without the execution 
of interpolation, the pixel data array being in a memory. 
FIG. 20 is a block diagram of an image enlarging 

/contracting apparatus according to a second embodi 
ment of this invention. 
FIG. 21 is a block diagram of a quadruple interpola 

tion enlarging unit in FIG. 20. 
FIG. 22 is a block diagram of a quadruple interpola 

tion enlarging module in FIG. 22. 
FIG. 23 is a block diagram of an interpolation calcu 

lation module in FIG. 22. 
FIG. 24 is a block diagram of an X-direction enlar 

ging/contracting unit in FIG. 20. 
FIG.25 is a block diagram of a barrel selector in FIG. 

24. 
FIG. 26 is a diagram of an array of data of pixels in a 

memory in the image enlarging/contracting apparatus 
of FIG. 20. 
FIG. 27 is a diagram of an array of data of pixels in a 

memory in the image enlarging/contracting apparatus 
of FIG. 20. 

FIG. 28 is a block diagram of a reference data selec 
tor in FIG. 20. 
FIG. 29 is a block diagram of a part of a controller in 

FIG. 1. 

DESCRIPTION OF THE FIRST PREFERRED 
EMBODIMENT 

An image enlarging/contracting apparatus according 
to a first embodiment of this invention processes bi-level 
(two-level) image data. One bit of the image data corre 
sponds to a pixel, and assumes either a state "1" (for 
example, black) or a state "O' (for example, white). The 
image enlarging/contracting apparatus includes image 
memories (a source-image memory and an object-image 
memory) which are designed so that access to the image 
memories can be performed word by word, where one 
word is composed of image data of 16 pixels in a same 
line or row. Thus, a word corresponds to 16 bits. 

FIG. shows the image enlarging/contracting appa 
ratus which includes a sub-area row calculation unit 10, 
a reference data address generation unit 11, a reference 
data file 12, a reference data selector 13, a quadruple 
interpolation enlarging unit 14, an X-direction enlar 
ging/contracting unit 15, a write data address genera 
tion unit 16, a write data generation unit 17, and a con 
troller 18. 
The sub-area row calculation unit 10 is connected to 

the controller 18, the reference data address generation 
unit 11, and the quadruple interpolation enlarging unit 
14. It is supposed that each of areas among pixels of a 
whole original-image (source-image) region is divided 
into a set of small segments referred to as sub areas. The 
sub-area row calculation unit 10 serves to calculate a 
row number of original-image sub areas corresponding 
to a row of pixels of a process-resultant (enlargement 
/contraction-resultant) image, that is, an object image. 
The reference data address generation unit 11 is con 
nected to the sub-area row calculation unit 10, the con 
troller 18, and a source-image memory 850. The source 
image memory 850 stores data representing an original 
image, that is, a source image. The reference data ad 
dress generation unit 11 serves to generate updatable 
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addresses of 1-word storage segments of the source 
image memory 850 which store reference data repre 
senting a window of the original image. The reference 
data file 12 is connected to the reference data selector 
13, the controller 18, and the source-image memory 
850. The reference data file 12 serves to store the refer 
ence data (the original-image data in the window) 
which is read out from the source-image memory 850. 
The reference data selector 13 is connected to the refer 
ence data file 12, the quadruple interpolation enlarging 
unit 14, and the controller 18. The reference data selec 
tor 13 serves to select reference data from among the 
reference data (the original-image data in the window) 
in the reference data file 12 which will be referred to by 
one quadruple interpolation enlarging process. The 
quadruple interpolation enlarging unit 14 is connected 
to the sub-area row calculation unit 10, the reference 
data selector 13, the X-direction enlarging/contracting 
unit 15, and the controller 18. The quadruple interpola 
tion enlarging unit 14 serves to subject the reference 
data to an interpolation process of quadruple enlarge 
ment in an X-axis direction (a horizontal direction). The 
X-direction enlarging/contracting unit 15 is connected 
to the quadruple interpolation enlarging unit 14, the 
write data generation unit 17, and the controller 18. The 
X-direction enlarging/contracting unit 15 serves to 
execute a process of enlargement and contraction with 
an arbitrary magnification in the X-axis direction with 
out performing interpolation. The write data address 
generation unit 16 is connected to the controller 18 and 
an object-image memory 860. The object-image mem 
ory 860 serves to store data representing a process 
resultant (enlargement/contraction-resultant) image, 
that is, an object image. The write data address genera 
tion unit 16 serves to generate an updatable address of a 
1-word storage segment of the object-image memory 
860 into which process-resultant data will be written. 
The write data generation unit 17 is connected to the 
X-direction enlarging/contracting unit 15, the control 
ler 18, and the object-image memory 860. The write 
data generation unit 17 serves to subject data to logic 
operation and masking operation. The controller 18 is 
connected to the devices 10-17. The controller 18 
serves to control operation of the devices 10-17. The 
controller 18 includes a suitable device such as a pro 
grammable logic array (PLA). 
A description will now be given of the case where an 

original image is enlarged or contracted by P times in 
the X-axis direction and Q times in a Y-axis direction (a 
vertical direction) perpendicular to the X-axis direction. 
Letters P and Q denote arbitrary rational numbers. 
First, the sub-area row calculation unit 10 calculates a 
row number of original-image sub areas corresponding 
to a row of pixels of a process-resultant (enlargement 
/contraction-resultant) image, that is, an object image, 
on the basis of the magnification Q in the Y-axis direc 
tion. The sub-area row calculation unit 10 informs the 
reference data address generation unit 11 of the calcu 
lated row number. The reference data address genera 
tion unit 11 generates addresses of two 1-word storage 
segments in two adjacent rows of the source-image 
memory 850 on the basis of the calculated row number. 
The reference data address generation unit 11 outputs 
the generated addresses to the source-image memory 
850, so that two pieces of 1-word reference data (that is, 
2-word reference data) are read out from the two 1 
word storage segments of the source-image memory 
850 which are designated by the addresses respectively. 
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8 
The 2-word readout data is stored into the reference 
data file 12. The 2-word data is transferred from the 
reference data file 12 to registers within the reference 
data selector 13, being selected therein 10 bits by 10 bits 
as reference data which will be used by the quadruple 
interpolation enlarging unit 14. The selected 10-bit ref 
erence data is converted and interpolated into 16-bit 
data by the quadruple interpolation enlarging unit 14. 
The 16-bit data generated by the quadruple interpola 
tion enlarging unit 14 corresponds to data representing 
an image which is enlarged or contracted from the 
original image by a quadruple in the X-axis direction 
and Q times in the Y-axis direction. The quadruple 
interpolation enlarging unit 14 outputs the 16-bit data to 
the X-direction enlarging/contracting unit 15. The X 
direction enlarging/contracting unit 15 subjects the 
16-bit data to a process corresponding to enlargement 
or contraction by P/4 times in the X-axis direction 
without any interpolation, so that the 16-bit data is 
converted into first process-resultant data representing 
an image which is enlarged or contracted from the 
original image by P times in the X-axis direction and Q 
times in the Y-axis direction. Before the generation of 
the first process-resultant data by the X-direction enlar 
ging/contracting unit 15, the write data address genera 
tion unit 16 generates an address of a 1-word storage 
segment of the object-image memory 860 into which 
second process-resultant data will be written. The write 
data address generation unit 16 outputs the generated 
address to the object-image memory 860, so that word 
data is read out from the 1-word storage segment of the 
object-image memory 860 which is designated by the 
address. The readout word data is fed to the write data 
generation unit 17. In addition, the write data genera 
tion unit 17 receives the first process-resultant data from 
the X-direction enlarging/contracting unit 15. The 
write data generation unit 17 executes logic operation 
and masking operation between the read-out word data 
and the first process-resultant data, thereby converting 
the first process-resultant data into second process 
resultant data. The write data generation unit 17 outputs 
the second process-resultant data to the object-image 
memory 860. While the write data address generation 
unit 16 outputs the generated address to the object 
image memory 860, the second process-resultant data 
(the object-image data) is written into the 1-word stor 
age segment of the object-image memory 860 which is 
designated by the address respectively. 
As described previously, the operations of the de 

vices 10-17 are controlled by the controller 18. During 
the control of the operations of the devices 10-17, the 
controller 18 outputs control signals to the devices 
10-17 while the devices 10-17 output responsive flag 
signals to the controller 18. The control of the opera 
tions of the devices 10-17 is designed so that the devices 
10-17 can execute their processing functions in parallel 
to each other, that is, execute their processing functions 
simultaneously. 
The quadruple interpolation enlarging unit 14 will 

now be described in detail. Regarding the interpolation 
processing executed by the quadruple interpolation 
enlarging unit 14, each of areas among pixels of a whole 
original-image region is divided into 16 sub areas (4 by 
4 sub areas, that is, 4 sub areas in the X direction and 4 
sub areas in the Y direction). The interpolation process 
ing includes a step of determining interpolation equa 
tions of 16 different types for each sub area. In the 
interpolation equations, pieces of data of adjacent pixels 
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are used as variables. The interpolation processing also 
includes a step of referring to the interpolation equa 
tions and executing interpolation calculation deter 
mined by an original-image sub area corresponding to a 
pixel of a process-resultant (enlargement/contraction 
resultant) image. The execution of the interpolation 
calculation generates interpolation data. 
As shown in FIG. 2, the quadruple interpolation 

enlarging unit 14 includes quadruple interpolation en 
larging modules 20, 21, 22, and 23, and a register 24. 
The quadruple interpolation enlarging modules 20, 21, 
22, and 23 execute logic operation among reference data 
bits L-REF, TB-REF0, M-REF0, TB-REF1, M-REF1, 
TB-REF2, M-REF2, TB-REF3, M-REF3, and R-REF, 
and 1-bit row data (row number) ROW03, thereby 
generating 16-bit data which is stored into the register 
24. The quadruple interpolation enlarging modules 20, 
21, 22, and 23 have similar internal structures, and only 
one of them will be described in detail hereinafter. As 
shown in FIG. 3, one quadruple interpolation enlarging 
module includes a combination of logic gates which 
executes logic operation among reference data bits L 
REF, TB-REF, M-REF, and R-REF, and the 1-bit row 
data ROW03, and thereby which generates data having 
four bits X4DATA0, X4DATA1, X4DATA2, and 
X4DATA3. The logic operation executed by one qua 
druple interpolation enlarging module corresponds to 
interpolation equations of 16 different types. 
The operation of one quadruple interpolation enlarg 

ing module will now be described in detail. With refer 
ence to FIG. 4, the character Sij denotes data of a pixel 
of an original image which exists at a position corre 
sponding to an i-th row and a j-th column, and the 
position of the pixel coincides with a lattice point. The 
letters “i' and “j” denote integers greater than "O" 
respectively. As described previously, each of areas 
among pixels is divided into sub areas. Sixteen sub areas 
around the lattice point (the pixel position) Sij are de 
noted by Aijmn, where m=0, 1, 2, 3 and n=0, 1, 2, 3. 
The row of a sub area is represented by “i' and “m', 
and the column thereof is represented by "j" and “n”. 

Pieces F(Aijmn) of interpolation data are determined 
for sub areas Aijmn respectively, and are calculated 
from the data Sij of the pixel of interest and data Si-lj, 
Sij-1, Si-|-1j, and Sij-- 1 of pixels neighboring the pixel 
of interest according to interpolation equations (1)–(16) 
expressed as follows. 

F(Aij00)=Sij-i- (Si-loSij- 1) (1) 

F(Aiji 0)=Sij-- (Si-1joSij- 1) (2) 

F(Aij20)=Sij-- (Si-joSij- 1) (3) 

F(Aij30)=Sij-i- (Si--1joSij- 1) (4) 

F(Aij01)=Sij-i- (Si-lje Sij-1) (5) 

F(Aiji)=Sii (6) 

FAij21)=Sii (7) 

F(Aij31)=Sij-- (Si-- joSij- 1) (8) 

F(AiO2)=Sij-i- (Si-1joSij-i-1) (9) 

F(Aij2)=Sii (10) 

F(Aij22)=Sij (11) 
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F(Aij32)=Sij- (Si-- s' (12) 
F(Ai03)=Sij-i- (Si-1joSij-i-1) (13) 

F(Aijl3)=Sij-i- (Si-1joSij+1) (14) 

F(Aij23)=Sij- (Si--1joSij--1) (15) 

F(Aij33)=Sij- (Si--1joSij-i-1) (16) 

In the interpolation equations (1)–(16), the character 
"+” denotes OR operation between pixel data, and the 
character "o" denotes AND operation between pixel 
data. 
According to the interpolation based on the equations 

(1)-(16), in the case where a point within an original 
image area which corresponds to a pixel of a process 
resultant image exists in one of sub areas Aij00, Aij10, 
and Aijo.1, data of the pixel of the process-resultant 
image is set to “1” when Sij is “1” or when Sij is “0” but 
both Si-1j and Sij-1 are “1”, and is set to “0” other 
wise. In the case where a point within an original-image 
area which corresponds to a pixel of a process-resultant 
image exists in one of sub areas Aij03, Aij13, and Aij02, 
data of the pixel of the process-resultant image is set to 
“1” when Sij is “1” or when Sij is “0” but both Si-1j 
and Sij-1 are “1”, and is set to “0” otherwise. In the 
case where a point within an original-image area which 
corresponds to a pixel of a process-resultant image ex 
ists in one of sub areas Aij30, Aij20, and Aij31, data of 
the pixel of the process-resultant image is set to “1” 
when Sij is “1” or when Sij is “0” but both Si-1j and 
Sij-1 are “1”, and is set to “0” otherwise. In the case 
where a point within an original-image area which cor 
responds to a pixel of a process-resultant image exists in 
one of sub areas Aij33, Aij23, and Aij32, data of the 
pixel of the process-resultant image is set to “1” when 
Sij is “1” or when Sij is “0” but both Si-1j and Sij--1 
are '1', and is set to "O' otherwise. In the case where a 
point within an original-image area which corresponds 
to a pixel of a process-resultant image exists in one of 
sub areas Aij11, Aij21, Aij12, and Aij22, data of the 
pixel of the process-resultant image is set equal to Sij. 
This interpolation enables smoothing steps which 
would be caused by enlargement without interpolation. 
A consideration will now be given of an original 

image where, as shown in FIG. 5, the intervals between 
adjacent pixels are equal to '1' and the coordinates of 
the left upper pixel are (, ) with respect to the origin 
O. In the case where an area of the original image is 
enlarged or contracted by P times in an X-axis direction 
and Q times in a Y-axis direction (P and Q denote arbi 
trary positive rational numbers), original-image points 
to which pixels of an enlargement/contraction-resultant 
image correspond are coincident with lattice points 
(pixels) resulting from enlarging or contracting the 
original-image lattice by 1/P times in the X-axis direc 
tion and 1/Q times in the Y-axis direction while the 
origin O is used as a center (see FIG. 6). 
FIG. 7 shows an example of an original image which 

includes a black partial line having a slope of 45 degrees 
and also having steps with a size corresponding to one 
pixel. FIG. 8 shows an image which results from enlarg 
ing the original image of FIG. 7 double in an X-axis 
direction and also double in a Y-axis direction without 
using interpolation. In the enlargement-resultant image 
of FIG. 8, steps in a black partial line have a size corre 
sponding to two pixels. FIG. 9 shows an image which 
results from enlarging the original image of FIG. 7 
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double in the X-axis direction and also double in the 
Y-axis direction with executing the interpolation based 
on the equations (1)–(16). In the enlargement-resultant 
image of FIG. 9, steps in a black partial line have a size 
corresponding to one pixel. It is understood from the 
comparison between FIG. 8 and FIG. 9 that the inter 
polation provides smoothed edges of segments of a 
process-resultant image. 
A consideration will now be given of the case where 

the area of the original image of FIG. 5 is enlarged or 
contracted by a quadruple in the X-axis direction and by 
Q times in the Y-axis direction. The character Dst de 
notes a pixel of an enlargement/contraction-resultant 
image which is in an s-th row and a t-th column. The 
coordinates of a point in the original-image area which 
corresponds to the pixel Dst of the enlargement/con 
traction-resultant image agree with a lattice point in a 
coordinate system where lattice intervals in the X-axis 
direction are equal to and lattice intervals in the Y-axis 
direction are equal to 1/Q. When that lattice point exists 
in a sub area Aijmn, there are relations among the num 
bers “s”, “t”, “i', “j”, “m', and “n” which are expressed 
by the hereafter-indicated equations (17) and (18) pro 
vided that each sub area contains the boundary with a 
left neighboring sub area and the boundary with an 
upper neighboring sub area but does not contain the 
boundary with a right neighboring sub area and the 
boundary with a lower neighboring sub area. 

t=4j--n (18) 

In the equation (17), the character ...) denotes Gauss' 
notation so that 4s/Q) represents the largest integer not 
greater than the value 4s/Q. 

Data of the pixel Dst is calculated from data of a 
corresponding original-image sub area according to the 
interpolation equations (1)-(16). When the relations (17) 
and (18) are satisfied, the pixel data Dst has the follow 
ing relation (19) with other data. 

(19) 

where the character Ömn denotes a value which equals 
“1” when m=n and which equals “0” otherwise. 

It is understood from the equation (19) that the coor 
dinates of points within the original-image area which 
correspond to pixels Ds4, Ds4.j+1, Ds4.j+2, and 
Ds4.j--3 of the enlargement/contraction-resultant 
image exist in the Sub areas Aijm0, Aijm1, Aijm2, and 
Aijm3 respectively, and that neighboring pixels in a 
same row of the enlargement/contraction-resultant 
image correspond to different original-image sub areas 
respectively which neighbor each other and which are 
in a same row. Thus, provided that the row of the origi 
nal-image sub areas corresponding to the pixels Ds4.j, 
Ds4.j--1, DS4.j--2, and Ds4.j--3 of the enlargement 
/contraction-resultant image is determined, the corre 
sponding original-image sub areas can be determined 
and also the data of the pixels Ds4.j, Ds4.j--1, Ds4.j-4-2, 
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12 
and Ds4.j+3 of the enlargement/contraction-resultant 
image can be determined by referring to the equation 
(19). 
The equation (19) is simplified into the following 

equations (20), (21), (22), and (23) when the number "n' 
equals “0”, “1”, “2', and “3’ respectively. 

Ds4.j = F(Aim.0) (20) 
Sij -- (6m0 - 8m1)(Si-li. Sij- 1) + 

(21) 

Ds4.j-2 (22) FAjm2) 
Sii + 8m.0(Si-li. Sij- 1) -- 
8m3(Si-li. Sij- 1) 

Ds4.j-3 FAjm3) (23) 
Sij -- (6m.0 + 8ml)(Si-lj. Sij- 1) + 

Thus, the data of the pixels Ds4.j, DS4j+1, DS4-4-2, and 
Ds4.j--3 of the enlargement/contraction-resultant 
image can be simultaneously generated from the origi 
nal-image pixel data Sij, Si-lj, Sij-1, Si-1j, and 
Sij+1 by executing the calculations of the equations 
(20), (21), (22), and (23) in parallel or simultaneously. 
The parallel calculations of the equations (20), (21), 

(22), and (23) can be executed by separate logic circuits 
respectively. The amount of physical elements of the 
logic circuits can be reduced in view of the following 
facts. The calculations of the equations (20), (21), (22), 
and (23) are different from each other according to the 
value "m'. When m=0 or m= 1, the calculations refer 
to the pixel data Sij, Si-lj, Sij-1, and Sij-1 but do 
not refer to the pixel data Si--1j. When m=2 or m=3, 
the calculations refer to the pixel data Sij, Sij-1, Si--1j, 
Sij-1 but do not refer to the pixel data Si-1j. Simple 
versions of the logic circuits for executing the parallel 
calculations of the equations (20), (21), (22), and (23) are 
equal to the quadruple interpolation enlarging modules 
20, 21, 22, and 23 of FIGS. 2 and 3. 

In the case where the area of the original image is 
enlarged or contracted by a quadruple in the X-axis 
direction and by Q times in the Y-axis direction, the 
quadruple interpolation enlarging modules 20, 21, 22, 
and 23 of FIGS. 2 and 3 generate the data of the pixels 
Ds4.j, DS4.j+1, Ds4.j--2, and Ds4.j--3 of the enlar 
gement/contraction-resultant image as follows. The 

'i' and "m’ which denote the row of the 
original-image sub area Aijmn are calculated from the 
row number "s' related to the enlargement/contrac 
tion-resultant image and the magnification Q in the 
Y-axis direction according to the equation (17). When 
m=0 or m=1, the original-image pixel data Sij-1, 
Si-1j, Sij, and Sij-1 are respectively applied to the 
input terminals L-REF, TB-REF, M-REF, and R-REF 
of the quadruple interpolation enlarging modules as 
reference data. When m=2 or m=3, the original-image 
pixel data Sij-1, Si-1j, Sij, and Sij-1 are respectively 
applied to the input terminals L-REF, TB-REF, M 
REF, and R-REF of the quadruple interpolation enlarg 
ing modules as reference data. In addition, an operation 
control signal is applied to the input terminal ROW03 of 
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the quadruple interpolation enlarging modules. 
Thereby, the quadruple interpolation enlarging mod 
ules execute calculations in parallel (simultaneously) 
which are equivalent to the calculations of the equations 
(20), (21), (22), and (23). As a result, the quadruple 
interpolation enlarging modules output the process 
resultant image pixel data DS4.j, DS4-1, DS4+2, and 
Ds4.j--3 via the output terminals X4DATA0, X4DA 
TA1, X4DATA2, and X4DATA3 thereof. The previ 
ously-mentioned control signal ROW03 is generated by 
inverting the result of Exclusive-OR operation between 
the bits of the 2-bit signal "m'. It should be noted that, 
in fact, the calculation of the numbers 'i' and "m' is 
executed by the sub-area row calculation unit 10 (see 
FIG. 1), and that the application of the reference data to 
the quadruple interpolation enlarging modules 20, 21, 
22, and 23 is executed by the reference data selector 13 
(see FIG. 1). The quadruple interpolation enlarging unit 
14 of FIGS. 1 and 2 generates data of 16 successive 
pixels in a same row of an enlargement-resultant image 
from the reference data of 10 pixels of the original im 
age. During the generation of the data of the 16 process 
resultant image pixels, the quadruple interpolation en 
larging modules 20, 21, 22, and 23 execute calculating 
processes in parallel (simultaneously). As shown in 
FIG. 2, the input terminals of the quadruple interpola 
tion enlarging modules 20, 21, 22, and 23 which receive 
the same data are connected in common, and the calcu 
lating operations of the quadruple interpolation enlarg 
ing modules 20, 21, 22, and 23 are controlled by the 
same control signal ROW03. 
The reference data selector 13 will now be described 

in detail. As shown in FIG. 10, the reference data selec 
tor 13 includes a 16-bit main reference data register 60, 
a 16-bit upper/lower reference data register 61, a 5-bit 
preceding main reference data register 62, a 4-bit pre 
ceding upper/lower reference data register 63, selectors 
640-649 of the 4-bit input and 1-bit output type, and a 
2-bit counter 65. The input terminals of the reference 
data registers 60 and 61 are connected to the reference 
data file 12 (see FIG. 1). The input terminals of the 
preceding reference data registers 62 and 63 are con 
nected to the output terminals of the reference data 
registers 60 and 61. The reference data registers 60, 61, 
62, and 63 are followed by the selectors 640-649. Con 
trol terminals of the selectors 640-649 are connected to 
an output terminal of the counter 65. 
As shown in FIGS. 11 and 12, in the case where the 

quadruple interpolation enlarging unit 14 generates data 
of pixels in an s-th row of an enlargement/contraction 
resultant image, word data of pixels in an i-th row of an 
original image is stored into the main reference data 
register 60 while word data of pixels neighboring the 
upper or lower side of the pixels related to the word 
data in the main reference data register 60 is stored into 
the upper/lower reference data register 61 according to 
a value “m' (the number "i' meets the requirements 
given by the equation (17)). Specifically, as shown in 
FIG. 11, when m=0 or n=1, word data of pixels in the 
(i-1)-th row of the original image is stored into the 
upper/lower reference data register 61. As shown in 
FIG. 12, when m=2 or m=3, word data of pixels in the 
(i+1)-th row of the original image is stored into the 
upper/lower reference data register 61. Data of 5 suc 
cessive pixels neighboring the left side of the pixels 
related to the word data in the main reference data 
register 60 is stored into the preceding main reference 
data register 62. Data of 4 successive pixels neighboring 
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14 
the left side of the pixels related to the word data in the 
upper/lower reference data register 61 is stored into the 
preceding upper/lower reference data register 63. As 
will be made clear later, the reference data selector 13 is 
designed so that data of a set of pixels which extends 
across the boundary between words on the source 
image memory 850 (see FIG. 1) can be simultaneously 
referred to. 
The counter 65 executes a count-up process in re 

sponse to a clock pulse each time the quadruple interpo 
lation enlarging unit 14 generates interpolation-result 
ant data. The selectors 640-649 selects 10-bit data from 
among the data in the reference data registers 60, 61, 62, 
and 63 in accordance with the state of a 2-bit selection 
control signal which is generated by the counter 65 and 
which represents the value SELECT(0:1) counted by 
the counter 65. The relation among modes of the selec 
tion, the count values SELECT(0:1), and the selected 
data is indicated in FIG. 13. 
The data of a set of pixels which extends across the 

word boundary is referred to in the case of the selection 
mode 'O' or the selection mode '3'. When the value 
SELECT(0:1) counted by the counter 65 reaches “3”, 
data MDATA(11:15) of the 11-th to 15-th bits of the 
main reference data register 60 are transferred to the 
preceding main reference data register 62 and data 
TBDATA(12:15) of the 12-th to the 15-th bits of the 
upper/lower reference data register 61 are transferred 
to the preceding upper/lower reference data register 
63. In addition, data of next words are transferred to the 
main reference data register 60 and the upper/lower 
reference data register 61 from the reference data file 12 
(see FIG. 1). At this time, since the selection mode "3” 
occurs, the data PMDATA(11:15) in the preceding 
main reference register 62 and the data MDATA0 in 
the 0-th bit of the main reference data register 60 are 
selected as main reference data. Thus, the data of a set 
of pixels which extends across the word boundary is 
selected as reference data. In the case where SE 
LECT(0:1)=0, the data PMDATA15 in the 15-th bit of 
the preceding main reference register 62 and the data 
MDATA(0:4) in the 0-th to the 4-th bits of the main 
reference register 60 are selected as main reference data. 
Thus, the data of a set of pixels which extends across the 
word boundary is selected as reference data. The 
counter 65 serves to change the data transfer between 
the registers and the selected bit field in this way, and 
thereby it is made possible to simultaneously refer to the 
data of a set of pixels which extends across the word 
boundary. In addition, it is possible to continuously 
change the data which the quadruple interpolation en 
larging unit 14 refers to. 
The X-direction enlarging/contracting unit 15 will 

now be described in detail. As shown in FIG. 14, the 
X-direction enlarging/contracting unit 15 includes a 
mapping pattern generator 80, a pattern register file 81, 
input data registers 82 and 83, an input barrel shifter 84, 
a barrel selector 85, an output barrel shifter 86, and 
output data registers 87 and 88. The mapping pattern 
generator 80 serves to produce a 16-word mapping 
pattern which is stored into the pattern register file 81. 
The input data register 82 follows the register 24 in the 
quadruple interpolation enlarging unit 14 (see FIG. 2), 
and serves to store 1-word data. The input data register 
83 follows the input data register 82, and serves to store 
1-word data. The input data registers 82 and 83 are 
successively followed by the input barrel shifter 84 and 
the barrel selector 85. The input barrel shifter 84 func 
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tions to shift input data leftward bit by bit from 0 to 15 
bits. The barrel selector 85 is connected to the pattern 
register file 81. The barrel selector 85 serves to expand 
or compress input data by a copying process or a thin 
ning-out process which is executed in accordance with 
the mapping pattern fed from the pattern resister file 81. 
The output barrel shifter 86 follows the barrel selector 
85. The output barrel shifter 86 functions to shift input 
data rightward bit by bit from 0 to 15 bits. The output 
data registers 87 and 88 follow the output barrel shifter 
86. The output data registers 87 and 88 serve to store 
1-word data each. The output data registers 87 and 88 
are followed by the write data generation unit 17 (see 
FIG. 1). 
The mapping pattern is a pattern composed of binary 

data which is used for mapping pixel data in accordance 
with the magnification (that is, the enlargement/con 
traction rate). The mapping pattern is previously pro 
duced by the mapping pattern generator 80, and is 
stored in the pattern register file 81 word by word. The 
mapping pattern is inputted into the barrel selector 85 
word by word as a control signal, and input data of 
successive pixels in the X-axis direction are processed in 
accordance with the mapping pattern. The X-direction 
enlarging/contracting unit 15 executes same processing 
on input data for every row, and processing on a next 
row uses the same mapping pattern in the pattern regis 
ter file 81. 
As shown in FIG. 15, the barrel selector 85 includes 

an array 85A of 256 selectors 90–9255 of a 3-input and 
1-output type, and a pattern decoder 9256. The selector 
array 85A is connected between the input barrel shifter 
84 and the output barrel shifter 86 (see FIG. 14). The 
selector array 85A is also connected to the pattern de 
coder 9256. The pattern decoder 9256 is connected to 
the pattern register file 81 (see FIG. 14). The pattern 
decoder 9256 generates control signals on the basis of 
the mapping pattern informed by the pattern register 
file 81. The selector array 85A has 16 rows and 16 col 
umns. Each of the selectors 90-9255 serves to select one 
of three pieces (three bits) of input data in accordance 
with a control signal fed from the pattern decoder 9256. 

In the case where P/4< 1 so that the X-direction 
enlarging/contracting unit 15 executes a contracting 
process, the selector array 85A thins out 16-bit input 
data into 4P-bit or (4P+1)-bit data in response to 
control signals fed from the pattern decoder 9256. Here, 
the character 4P denotes the largest integer not 
greater than the value 4P. The selector array 85A out 
puts the 4P-bit or (4P+1)-bit data. The input map 
ping pattern determines which of the 4P-bit data and 
the (4P-1)-bit data should be outputted. 

In the case where 1 SP/4 so that the X-direction 
enlarging/contracting unit 15 executes an enlarging 
process, the selector array 85A copies a portion of 
64/P-bit or (64/P-1)-bit input data in response to 
control signals fed from the pattern decoder 9256, and 
thereby expands the input data into 16-bit data. Here, 
the character 64/P denotes the largest integer not 
greater than the value 64/P, and the number 
(64/P-1) is not greater than 16. The selector array 
85A outputs the 16-bit data. The input mapping pattern 
determines which of the 64/P-bit data and the 
(64/P-1)-bit data should be used as input data. 

It should be noted that the algorithm of the parallel 
(simultaneous) enlarging/contracting process executed 
by the barrel selector 85 is well-known in the art. 
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It is necessary that data inputted into the barrel selec 

tor 85 is equal to data of pixels successively arranged in 
the X-axis direction at positions starting from the left 
hand edge. The input data registers 82 and 83, and the 
input barrel shifter 84 cooperate to feed input data of 
such a format to the barrel selector 85. 

In the case where P/4<1, the barrel selector 85 re 
ceives 16-bit data. Each time the barrel selector 85 gen 
erates data, data is transferred from the input data regis 
ter 82 to the input data register 83 while data is trans 
ferred from the register 24 of the quadruple interpola 
tion enlarging unit 14 (see FIG. 2) to the input data 
register 82. In addition, the input barrel shifter 84 re 
ceives data from the input data registers 82 and 83, and 
shifts the received data leftward by given bits to enable 
a set of the data positions to start from the left-hand 
edge. 

In the case where 1 <P/4, the barrel selector 85 re 
ceives 64/P-bit or (64/P-1)-bit data, and thus the 
number of bits of the received data is always equal to or 
smaller than 16. Thus, until the processing of all data in 
the input data register 83 is completed, the transfer of 
data from the input data register 82 to the input data 
register 83 remains suspended. Each time the processing 
of all data in the input data register 83 is completed, data 
is transferred from the input data register 82 to the input 
data register 83 while data is transferred from the regis 
ter 24 of the quadruple interpolation enlarging unit 14 
(see FIG. 2) to the input data register 82. In this case, 
the amount of the data shift by the input barrel shifter 84 
corresponds to a value which results from accumula 
tively adding the bit numbers of the input data pro 
cessed by the barrel selector 85. It should be noted that, 
in this accumulative addition, 16 is subtracted from the 
addition result each time the addition result exceeds 16. 
Thus, until the processing of all data in the input data 
register 83 is completed, the bit numbers continue to be 
accumulatively added. When the processing of all data 
in the input data register 83 is completed (at this time, 
the addition result exceeds 16), data is transferred from 
the input data register 82 to the input data register 83 
while data is transferred from the register 24 of the 
quadruple interpolation enlarging unit 14 (see FIG. 2) 
to the input data register 82. In addition, the amount of 
the data shift by the input barrel shifter 84 is made equal 
to the accumulative addition result minus 16. Thereby, 
the barrel selector 85 receives unprocessed data of pix 
els successively arranged in the X-axis direction at posi 
tions starting from the left-hand edge. 
The output data from the barrel selector 85 is shifted 

rightward by the output barrel shifter 86 so that the data 
positions will be accorded with bit positions of a write 
destination word. The shifted data outputted from the 
output barrel shifter 86 is stored into the output registers 
87 and 88. When data in the output register 88 becomes 
word data to be written into a write destination, the 
data is transferred from the output register 88 to the 
write data generation unit 17 (see FIG. 1) and data is 
transferred from the output register 87 to the output 
register 88. 

In the case where 1sP/4, the barrel selector 85 al 
ways outputs 16-bit data. Thus, in this case, each time 
the barrel selector 85 generates data, the transfer of data 
from the output register 88 to the write data generation 
unit 17 (see FIG. 1) and also the transfer of data from 
the output register 87 to the output register 88 are exe 
cuted. 
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In the case where 1) P/4, the barrel selector 85 gen 
erates 4P-bit or (4P+1)-bit data, and thus the num 
ber of bits of the data generated by the barrel selector 85 
is always equal to or smaller than 16. Thus, data stored 
into the output register 88 is not always equal to word 
data to be written into a write destination. Accordingly, 
the transfer of data from the output register 88 to the 
write data generation unit 17 (see FIG. 1) and also the 
transfer of data from the output register 87 to the output 
register 88 are executed each time data in the output 
register 88 becomes equal to word data to be written 
into a write destination. 
A detailed description will now be given of operation 

of the image enlarging/contracting apparatus which 
occurs in the case where an original image is enlarged 
double in an X-axis direction and also double in a Y-axis 
direction. FIG. 16 shows an example of an original 
image. As shown in FIG. 16, original-image pixel data 
are stored in storage segments of the source-image 
memory 850 which lie in a region extending across 
word boundaries. As shown in FIG. 17, a piece of word 
data in the source-image memory is identified by a row 
number and a word number as, for example, 0-row 
2-word data. 

In the case where an original image is enlarged dou 
ble in the X-axis direction and also double in the Y-axis 
direction, when data of pixels in an 8-th row of a proc 
ess-resultant image is required to be generated, the sub 
area row calculation unit 10 (see FIG. 1) calculates a 
row number of a corresponding original-image sub area 
according to the equation (17). The calculated row 
number is defined as i=4 and m=0. The reference data 
address generating unit 11 produces an address on the 
basis of information of i=4 in the calculated row num 
ber, the produced address corresponding to 4-row 0 
word data which will be main reference data. In addi 
tion, the reference data address generating unit 11 pro 
duces an address on the basis of information of m=0 in 
the calculated row number, the produced address corre 
sponding to 3-row 0-word data which will be upper/- 
lower reference data. Data is read out from storage 
segments of the source-image memory 850 which are 
designated by the produced addresses, and the readout 
data is stored into the reference data file 12 (see FIG. 1). 
The 4-row 0-word data is transferred from the reference 
data file 12 to the main reference data register 60 of the 
reference data selector 13, and the 3-row 0-word data is 
transferred from the reference data file 12 to the upper/- 
lower reference data register 61 of the reference data 
selector 13 (see FIG. 10). Data of '2' is set in the 
counter 65 of the reference selector 13 (see FIG. 10), 
and 6-bit data MDATA(7:12) in the main reference 
register 60 and 4-bit TBDATA(8:11) in the upper/- 
lower reference data register 61 are selected as 10-bit 
reference data. The selected 10-bit reference data is 
subjected by the quadruple interpolation enlarging 
modules 20, 21, 22, and 23 of the quadruple interpola 
tion enlarging unit 14 (see FIGS. 1 and 2) to the calcula 
tions determined by the equation (19) for m=0, so that 
the 10-bit data is interpolated and converted into 16-bit 
data. The 16-bit data generated by the quadruple inter 
polation enlarging unit 14 corresponds to data repre 
senting an image which results from enlarging the origi 
nal image quadruple in the X-axis direction and double 
in the Y-axis direction. The 16-bit data is transferred 
from the quadruple interpolation enlarging unit 14 to 
the input register 83 of the X-direction enlarging/con 
tracting unit 15 (see FIGS. 1 and 14). The X-direction 
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enlarging/contracting unit 15 processes the 16-bit data 
into data which corresponds to data resulting from 
contracting an image, represented by pieces of the input 
16-bit data, by a factor of (2/4). Thus, the X-direction 
enlarging/contracting unit 15 generates data (first proc 
ess-resultant data) representing an image which results 
from enlarging the original image double in the X-axis 
direction and also double in the Y-axis direction. The 
X-direction enlarging/contracting unit 15 outputs the 
first process-resultant data to the write data generation 
unit 17 (see FIG. 1). The write data address generation 
unit 16 (see FIG. 1) previously generates an addresses of 
a 1-word storage segment of the object-image memory 
860 into which process-resultant data will be written. 
The write data address generation unit 16 outputs the 
generated address to the object-image memory 860, so 
that word data is read out from the 1-word storage 
segment of the object-image memory 860 which is des 
ignated by the address. The readout word data is fed to 
the write data generation unit 17. As described previ 
ously, the write data generation unit 17 receives the first 
process-resultant data from the X-direction enlarging 
/contracting unit 15. The write data generation unit 17 
executes logic operation and masking operation be 
tween the word data and the first process-resultant data, 
thereby converting the first process-resultant data into 
second process-resultant data. The write data genera 
tion unit 17 outputs the second process-resultant data to 
the object-image memory 860. While the write data 
address generation unit 16 outputs the generated ad 
dress to the object-image memory 860, the second proc 
ess-resultant data is written into the 1-word storage 
segment of the object-image memory 860 which is des 
ignated by the address. 

During the above-mentioned sequential operation, 
the devices 10-17 execute their processing functions in 
parallel to each other, that is, execute their processing 
functions simultaneously. In time domain, the opera 
tions of the devices 10-17 are executed as follows. 
When the 4-row 0-word data and the 3-row 0-word 
data are transferred from the reference data file 12 to 
the main reference data register 60 and the upper/lower 
reference data register 61 of the reference data selector 
13 respectively, the reference data address generation 
unit 11 produces an address designating 4-row 1-word 
data as main reference data and also produces an ad 
dress designating 3-row 1-word data as upper/lower 
reference data. The produced addresses are applied to 
the source-image memory 850 so that the 4-row 1-word 
data and the 3-row 1-word data are transferred from the 
source-image memory 850 to the reference data file 12. 
When the quadruple interpolation enlarging unit 14 

generates the data representing the image which results 
from enlarging the original image quadruple in the X 
axis direction and double in the Y-axis direction, the 
counter 65 executes a count-up process in response to a 
clock pulse so that the value SELECT(0:1) increases to 
“3”. Then, the data MDATA(11:15) is transferred from 
the main reference data register 60 to the preceding 
main reference data register 62, and the data TBDA 
TA(12:15) is transferred from the upper/lower refer 
ence data register 61 to the preceding upper/lower 
reference data register 63. In addition, the 4-row 1 
word data and the 3-row l-word data are transferred 
from the reference data file 12 to the main reference 
data register 60 and the upper/lower reference data 
selector 61 respectively. The data MDATA0 in the 
main reference data register 60, the data PMDA 
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TA(11:15) in the preceding main reference data register 
62, and the PTBDATA(12:15) in the preceding upper/- 
lower reference data register 63 are selected as refer 
ence data. Furthermore, the reference data address 
generation unit 11 produces an address designating 
4-row 2-word data as main reference data and also pro 
duces an address designating 3-row 2-word data as 
upper/lower reference data. The produced addresses 
are applied to the source-image memory 850 so that the 
4-row 2-word data and the 3-row 2-word data are trans 
ferred from the source-image memory 850 to the refer 
ence data file 12. 
When the X-direction enlarging/contracting unit 15 

generates the data representing the image which results 
from enlarging the original image double in the X-axis 
direction and also double in the Y-axis direction so that 
the data transfer to the input data register 82 in the 
X-direction enlarging/contracting unit 15 becomes per 
mitted, the quadruple interpolation enlarging unit 14 
feeds the input register 82 with the data representing the 
image which results from enlarging the original image 
quadruple in the X-axis direction and double in the 
Y-axis direction. In addition, the value SELECT(0:1) 
counted by the counter 65 is reset to "0', and the data 
MDATA(0:4) in the main reference data register 60, the 
data PMDATA15 in the preceding main reference data 
register 62, and the data TBDATA(0:3) in the upper/- 
lower reference data register 61 are selected as refer 
ence data. 

In this way, each of the devices 10-17 transfers pro 
cessed data to a subsequent device immediately after the 
processing by the subsequent device is completed. In 
addition, each of the devices 10-17 receives the data, 
which is processed by a preceding device, from the 
preceding device, and subjects the received data to 
related processing. The operations of the devices 10-17, 
and the data transfer among the devices 10-17 are con 
trolled by the controller 18. 
FIG. 29 shows an example of the controller 18. As 

shown in FIG. 29, the controller 18 includes a combina 
tion of an AND logic array 18E. and an OR logic array 
18F. The OR logic array 18F has a set of address lines 
and a set of data lines. The address lines of the OR logic 
array 18F are connected to the AND logic array 18E. 
The OR logic array 18F has segments 18A, 18B, 18C, 
and 18D. The OR logic array segment 18A stores data 
of control of first one of the devices 10-17. In the OR 
logic array segment 18A, there are pieces of control 
data corresponding to the address lines extending 
therein respectively. The OR logic array segment 18B 
stores data of control of second one of the devices 
10-17. In the OR logic array segment 18B, there are 
pieces of control data corresponding to the address lines 
extending therein respectively. The OR logic array 
segment 18C stores data for designating an address line 
of the OR logic array segment 18A which will be se 
lected next. The OR logic array segment 18D stores 
data for designating an address line of the OR logic 
array segment 18B which will be selected next. The OR 
logic array segments 18A and 18C have common ad 
dress lines. The OR logic array segments 18B and 18D 
have common address lines. The OR logic array seg 
ments 18A and 18B have a given number of common 
data lines which correspond to control signals fed in 
common to first one and second one of the devices 
10-17. In addition, the OR logic array segment 18A has 
exclusive data lines corresponding to control signals fed 
to only first one of the devices 10-17, and the OR logic 
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array segment 18B has exclusive data lines correspond 
ing to control signals fed to only second one of the 
devices 10-17. Data lines of the OR logic array seg 
ments 18C and 18D are connected to an inputside of a 
selector 18P. An input signal (a flag signal outputted 
from the devices 10-17) is applied to the AND logic 
array 18E. and the input side of the selector 18P. The 
selector 18P serves to select one of the input signal and 
a signal outputted from the OR logic array segments 
18C and 18), and stores the selected signal into a regis 
ter 18Q. Then, the selected signal is fed from the regis 
ter 18Q to the AND logic array 18E. The AND logic 
array 18E. serves as a decoder which activates and se 
lects at least two of the address lines of the OR logic 
array 18F in response to the input signal or the signal 
fed from the register 18O. 
The controller 18 of FIG. 29 operates as follows. 

When the input signal is fed to the AND logic array 
18E, the AND logic array 18Eactivates and selects one 
of the address lines of the OR logic array segments 18A 
and 18C and one of the address lines of the OR logic 
array segments 18B and 18D in response to the input 
signal. Control data corresponding to the selected ad 
dress line are outputted from the OR logic array seg 
ment 18A via the data lines, and data on the exclusive 
data lines are subjected to OR operation and are thus 
combined into a control signal fed to first one of the 
devices 10-17. Control data corresponding to the se 
lected address line are outputted from the OR logic 
array segment 18B via the data lines, and data on the 
exclusive data lines are subjected to OR operation and 
are thus combined into a control signal fed to second 
one of the devices 10-17. In addition, data on the con 
mon data lines are subjected to OR operation and are 
thus combined into a control signal fed in common to 
first one and second one of the devices 10-17. At the 
same time, data corresponding to the selected address 
lines are outputted from the OR logic array segments 
18C and 18D via the data lines and are fed to the selec 
tor 18P. Then, the data are transmitted to the AND 
logic array 18E. via the selector 18P and the register 
18Q. The AND logic array 18Eactivates and selects 
one of the address lines of the OR logic array segments 
18A and 18C and one of the address lines of the OR 
logic array segments 18B and 18D in response to the 
received data, so that next control signals are generated. 
FIG. 29 shows only a part of the controller 18. In 

fact, the controller 18 includes a combination of OR 
logic array segments similar to the combination of the 
OR logic array segments 18A and 18C for each of oth 
ers of the devices 10-17. Thus, control signals to the 
devices 10-17 are generated simultaneously so that the 
devices 10-17 can simultaneously execute their process 
ing functions. 
FIG. 18 shows an image which results from enlarging 

the original image of FIG. 16 double in the X-axis direc 
tion and also double in the Y-axis direction with execut 
ing the interpolation by the image enlarging/contract 
ing apparatus according to the embodiment of this in 
vention. FIG. 19 shows an image which results from 
enlarging the original image of FIG. 16 double in the 
X-axis direction and also double in the Y-axis direction 
without executing the interpolation. It is understood 
from the comparison between FIG. 18 and FIG. 19 that 
the interpolation provides smoother inclined edges. 
The time spent in a single calculation or a single trans 

fer of data is defined as being equal to one machine 
cycle, that is, a unit processing time. In a prior art appa 
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ratus, an estimated total processing time spent in pro 
cessing of original-image data to enlarge an original 
image double in the X-axis direction and also double in 
the Y-axis direction is equal to or greater than 8,000 
machine cycles. In the image enlarging/contracting 
apparatus according to the embodiment of this inven 
tion, a corresponding estimated total processing time is 
equal to about 1,800 machine cycles. 

It should be noted that the quadruple interpolation 
enlarging modules 20, 21, 22, and 23 of FIGS. 2 and 3 
may also be made of a ROM (read only memory) stor 
ing data corresponding to the equations (20), (21), (22), 
and (23). In this case, data fed from the reference data 
selector 13 is applied to the ROM as an address, and 
interpolation data is outputted from the ROM. 
The controller 18 may also be composed of a multi 

process MPU (micro processing unit) which simulta 
neously execute a plurality of processes for controlling 
the devices 10-17. 

DESCRIPTION OF THE SECOND PREFERRED 
EMBODIMENT 

An image enlarging/contracting apparatus according 
to a second embodiment of this invention processes 
multi-level image data. Specifically, 24bits of the image 
data corresponds to a pixel. The image enlarging/con 
tracting apparatus includes image memories (a source 
image memory and an object-image memory) which are 
designed so that access to the image memories can be 
performed word by word, where one word is composed 
of 24 bits. 

FIG. 20 shows the image enlarging/contracting ap 
paratus which includes a sub-area row calculation unit 
130, a reference data address generation unit 131, a 
reference data file 132, a reference data selector 133, a 
quadruple interpolation enlarging unit 134, an X-direc 
tion enlarging/contracting unit 135, a write data ad 
dress generation unit 136, a write data file 137, and 
controllers 138, 139, and 1310. 
The sub-area row calculation unit 130 is connected to 

the controller 138, the reference data address genera 
tion unit 131, and the reference data file 132. Each of 
areas among pixels of a whole original-image (source 
image) region is divided into a set of small segments or 
sub areas. The sub-area row calculation unit 130 serves 
to calculate a row number of original-image sub areas 
corresponding to a row of pixels of a process-resultant 
(enlargement/contraction-resultant) image, that is, an 
object image. The reference data address generation 
unit 131 is connected to the sub-area row calculation 
unit 130, the controller 138, and a source-image men 
ory 750. The source-image memory 750 stores data 
representing an original image, that is, a source image. 
The reference data address generation unit-131 serves 
to generate addresses of 1-word storage segments of the 
source-image memory 750 which store reference data 
representing a window of the original image. The refer 
ence data file 132 is connected to the sub-area row 
calculation unit 130, the reference data selector 133, the 
controller 138, and the source-image memory 750. The 
reference data file 132 serves to store the reference data 
(the original-image data in the window) which is read 
out from the source-image memory 750. The reference 
data file 132 also serves to store information of the 
sub-area row number calculated by the sub-area row 
calculation unit 130. The reference data selector 13 is 
connected to the reference data file 132, the quadruple 
interpolation enlarging unit 134, and the controller 139. 
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The reference data selector 133 serves to select one of 
pieces of the reference data which (the original-image 
data in the window) will be referred to by a quadruple 
interpolation enlarging process. The quadruple interpo 
lation enlarging unit 134 is connected to the reference 
data selector 133, the X-direction enlarging/contracting 
unit 135, and the controller 139. The quadruple interpo 
lation enlarging unit 134 serves to subject the reference 
data to an interpolation process of quadruple enlarge 
ment in an X-axis direction (a horizontal direction). The 
X-direction enlarging/contracting unit 135 is connected 
to the quadruple interpolation enlarging unit 134, the 
write data file 137, and the controller 139. The X-direc 
tion enlarging/contracting unit 135 serves to execute a 
process of enlargement and contraction with an arbi 
trary magnification in the X-axis direction without per 
forming interpolation. The write data address genera 
tion unit 136 is connected to the controller 1310 and an 
object-image memory 760. The object-image memory 
760 serves to store data representing a process-resultant 
(enlargement/contraction-resultant) image, that is, an 
object image. The write data address generation unit 
136 serves to generate an updatable address of a 1-word 
storage segment of the object-image memory 760 into 
which process-resultant data will be written. The write 
data file 137 is connected to the X-direction enlarging 
/contracting unit 135, the controller 1310, and the ob 
ject-image memory 760. The write data file 137 serves 
to store the process-resultant (enlargement/contrac 
tion-resultant) image data to be written into the object 
memory 760. The controller 138 is connected to the 
sub-area row calculation unit 130, the reference data 
address generation unit 131, the reference data file 132, 
and the controller 139. The controller 138 serves to 
control operation of the sub-area row calculation unit 
130, the reference data address generation unit 131, and 
the reference data file 132. The controller 138 includes 
a suitable device such as a programmable logic array 
(PLA). The controller 139 is connected to the reference 
data selector 133, the quadruple interpolation enlarging 
unit 134, the X-direction enlarging/contracting unit 
135, and the controllers 138 and 1310. The controller 
139 serves to control operation of the reference data 
selector 133, the quadruple interpolation enlarging unit 
134, and the X-direction enlarging/contracting unit 135. 
The controller 139 includes a suitable device such as a 
programmable logic array (PLA). The controller 1310 
is connected to the write data address generation unit 
136, the write data file 137, and the controller 139. The 
controller 1310 serves to control operation of the write 
data address generation unit 136 and the write data file 
137. The controller 1310 includes a suitable device such 
as a programmable logic array (PLA). 

It is preferable that the controllers 138, 139, and 1310 
have structures similar to the structure of FIG. 29. 
A description will now be given of the case where an 

original image is enlarged or contracted by P times in 
the X-axis direction and Q times in a Y-axis direction (a 
vertical direction) perpendicular to the X-axis direction. 
Letters P and Q denote arbitrary rational numbers. 
First, the sub-area row calculation unit 130 calculates a 
row number of original-image sub areas corresponding 
to a row of pixels of a process-resultant (enlargement 
/contraction-resultant) image, that is, an object image, 
on the basis of the magnification Q in the Y-axis direc 
tion. The sub-area row calculation unit 130 informs the 
reference data address generation unit 131 and the refer 
ence data file 132 of the calculated row number. The 
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reference data address generation unit 131 generates 
addresses of two 1-word storage segments in two adja 
cent rows of the source-image memory 750 on the basis 
of the calculated row number. The reference data ad 
dress generation unit 131 outputs the generated ad 
dresses to the source-image memory 750, so that two 
pieces of 1-word reference data (that is, 2-word refer 
ence data) are read out from the two 1-word storage 
segments of the source-image memory 750 which are 
designated by the addresses respectively. The 2-word 
readout data is stored into the reference data file 132. At 
this time, the information of the sub-area row number 
calculated by the sub-area row calculation unit 130 is 
stored into the reference data file 132 in correspondence 
with the reference data read out from the source-image 
memory 750. The 2-word reference data is transferred 
from the reference data file 132 to registers within the 
reference data selector 133. The reference data selector 
133 feeds the reference data to the quadruple interpola 
tion enlarging unit 134. At this time, the information of 
the sub-area row number corresponding to the refer 
ence data transferred from the reference data file 132 is 
simultaneously read out from the reference data file 132, 
and is then fed to the quadruple interpolation enlarging 
unit 134. The quadruple interpolation enlarging unit 134 
subjects the reference data to a quadruple interpolation 
enlarging process according to the sub-area row num 
ber, thereby interpolating and converting the reference 
data into 8-word (8-pixel) data. The 8-word data gener 
ated by the quadruple interpolation enlarging unit 134 
corresponds to data representing an image which is 
enlarged or contracted from the original image by a 
quadruple in the X-axis direction and Q times in the 
Y-axis direction. The quadruple interpolation enlarging 
unit 134 outputs the 8-word data to the X-direction 
enlarging/contracting unit 135. The X-direction enlar 
ging/contracting unit 135 subjects the 8-word data to a 
process corresponding to enlargement or contraction 
by P/4 times in the X-axis direction, so that the 8-word 
data is converted into process-resultant data represent 
ing an image which is enlarged or contracted from the 
original image by P times in the X-axis direction and Q 
times in the Y-axis direction. The process-resultant data 
is transferred from the X-direction enlarging/contract 
ing unit 135 to the write data file 137. The write data 
address generation unit 136 generates an address of a 
1-word storage segment of the object-image memory 
760 into which the process-resultant data will be writ 
ten. The write data file 137 outputs the process-resultant 
data to the object-image memory 760. While the write 
data address generation unit 136 outputs the generated 
address to the object-image memory 760, the process 
resultant data is written into the 1-word storage seg 
ment of the object-image memory 760 which is desig 
nated by the address. The above-mentioned operation is 
executed row by row in a manner such that data of 
pixels in a same row of the enlargement/contraction 
resultant image can be continuously generated in the 
X-axis direction. In addition, the row-by-row process 
ings are continuously executed in the Y-axis direction so 
that the enlarging/contracting process including the 
interpolation can be completed. 
As described previously, the operations of the de 

vices 130-137 are controlled by the controllers 138,139, 
and 1310. Specifically, the controller 138 controls the 
sub-area row calculation unit 130, the reference data 
address generation unit 131, and the reference data file 
132. The controller 139 controls the reference data 
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24 
selector 133, the quadruple interpolation enlarging unit 
134, and the X-direction enlarging/contracting unit 135. 
The controller 1310 controls the write data address 
generation unit 136 and the write data file 137. During 
the control of the operations of the devices 130-137, the 
controllers 138, 139, and 1310 output control signals to 
the associated devices 130-137 while the devices 
130-137 output responsive flag signals to the controllers 
138, 139, and 1310. In addition, given members of the 
received flag signals are further transmitted from one 
controller to the other controllers. Thereby, the data 
transfer among the devices 130-137 is controlled. The 
transmission of control signals and flag signals between 
the controllers 138, 139, and 1310 and the devices 
130-137 is designed so that the devices 130-137 can 
execute their processing functions in parallel to each 
other, that is, execute their processing functions simul 
taneously. 
The quadruple interpolation enlarging unit 134 will 

now be described in detail. Regarding the interpolation 
processing executed by the quadruple interpolation 
enlarging unit 134, each of areas among pixels of a 
whole original-image region is divided into 16 sub areas 
(4 by 4 sub areas, that is, 4 sub areas in the X direction 
and 4 sub areas in the Y direction). The interpolation 
processing includes a step of determining interpolation 
equations of 16 different types for each sub area. In the 
interpolation equations, pieces of data of adjacent pixels 
are used as variables. The interpolation processing also 
includes a step of referring to the interpolation equa 
tions and executing interpolation calculation deter 
mined by an original-image sub area corresponding to a 
pixel of a process-resultant (enlargement/contraction 
resultant) image. The execution of the interpolation 
calculation generates interpolation data. 
As shown in FIG. 21, the quadruple interpolation 

enlarging unit 134 includes quadruple interpolation 
enlarging modules 140 and 141, and a register 142. The 
quadruple interpolation enlarging modules 140 and 141 
execute arithmetic operation among reference data bits 
LDATA, LTBDATA, MDATA, TBDATA, 
RDATA, RTBDATA, LDATB, LTBDATB 
MDATB, TBDATB, RDATB, and RTBDATB, 
thereby generating 8-word data which is stored into the 
register 142. The quadruple interpolation enlarging 
modules 140 and 141 have similar internal structures. 
The operation of one quadruple interpolation enlarg 

ing module will now be described in detail. The interpo 
lation processing executed by the quadruple interpola 
tion enlarging module 140 or 141 is based on a well 
known interpolation technique which uses distance 
dependent weighting. Specifically, according to the 
interpolation processing executed by the quadruple 
interpolation enlarging module 140 or 141, a decision is 
given of a point within an original-image area which 
corresponds to a pixel of an enlargement/contraction 
resultant (process-resultant) image, and data of the pixel 
is calculated from data of 4 original-image pixels adja 
cent to that point while the data of the 4 adjacent origi 
mal-image pixels are weighted with the distances be 
tween the 4 pixels and that point. Specifically, each of 
areas among pixels of a whole original-image region is 
divided into 16 sub areas (4 by 4 sub areas, that is, 4 sub 
areas in the X direction and 4 sub areas in the Y direc 
tion). The interpolation processing includes a step of 
determining interpolation equations of 16 different 
types for each sub area. Interpolation calculation is 
determined by original-image sub areas corresponding 
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to respective pixels of a quadruple-enlargement-result 
ant image, and the interpolation calculation is executed 
so that interpolation data is generated. 
The operation of one quadruple interpolation enlarg 

ing module will be further described. With reference to 
FIG. 4, the character Sij denotes data of a pixel of an 
original image which exists at a position corresponding 
to an i-th row and a j-th column, and the position of the 
pixel coincides with a lattice point. The letters “i' and 
“j” denote integers equal to or greater than “0” respec 
tively. As described previously, each of areas among 
pixels is divided into sub areas. Sixteen sub areas around 
the lattice point (the pixel position) so are denoted by 
Aijmn, where m =0, 1, 2, 3 and n=0, 1, 2, 3. The row of 
a sub area is represented by 'i' and 'm', and the col 
umn thereof is represented by “j” and “n”. 

Pieces F(Aijmn) of interpolation data are determined 
for sub areas Aijnn respectively, and are calculated 
from the data Sij of the pixel of interest and data Si-1j, 
Sij-1, Si-- lj, Sij- 1, Si-ij- 1, Si-j-i-1, Si-H 1j-1, 
and Si-1j+1 of pixels neighboring the pixel of interest 
according to interpolation equations (24 )-(39) ex 
pressed as follows. 

In the interpolation equations (24)-(39), the character 
"--' denotes addition between pixel data values, and 
the character "/" denotes division between pixel data 
values and coefficients. 
A consideration will now be given of the case where 

the area of the original image is enlarged or contracted 
by a quadruple in the X-axis direction and by Q times in 
the Y-axis direction. The character Dst denotes a pixel 
of an enlargement/contraction-resultant image which is 
in an s-th row and a t-th column. The coordinates of a 
point in the original-image area which corresponds to 
the pixel Dst of the enlargement/contraction-resultant 
image agree with a lattice point in an coordinate system 
where lattice intervals in the X-axis direction are equal 
to and lattice intervals in the Y-axis direction are equal 
to 1/Q. When that lattice point exists in a sub area 
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Aijmn, there are relations among the numbers 's', “t', 
"i', “j”, “m', and “n” which are expressed by the previ 
ously-indicated equations (17) and (18) provided that 
each sub area contains the boundary with a left neigh 
boring sub area and the boundary with an upper neigh 
boring sub area but does not contain the boundary with 
a right neighboring sub area and the boundary with a 
lower neighboring sub area. Data of the pixel Dst is 
calculated from data of a corresponding original-image 
Sub area according to the interpolation equations (24 
)-(39). When the relations (17) and (18) are satisfied, the 
pixel data Dst has the following relation (40) with other 
data. 

where the character Ömn denotes a value which equals 
“1” when m = n and which equals “0” otherwise. 

It is understood from the equation (40) that the coor 
dinates of points within the original-image area which 
correspond to pixels Ds4.j, Ds4.j--1, DS4.j--2, and 
Ds4.j--3 of the enlargement/contraction-resultant 
image exist in the sub areas Aijm0, Aijmi, Aijm2, and 
Aijm3 respectively, and that neighboring pixels in a 
same row of the enlargement/contraction-resultant 
image correspond to different original-image sub areas 
respectively which neighbor each other and which are 
in a same row. Thus, provided that the row of the origi 
nal-image sub areas corresponding to the pixels Ds4.j, 
Ds4.j-1, Ds4.j--2, and Ds4-3 of the enlargement 
/contraction-resultant image is determined respec 
tively, the corresponding original-image sub areas can 
be determined and also the data of the pixels DS4.j, 
Ds4.j-i-1, DS4.j--2, and Ds4.j--3 of the enlargement 
/contraction-resultant image can be determined by re 
ferring to the equation (40) respectively. 
The equation (40) is simplified into the following 

equations (41), (42), (43), and (44) when the number 'n' 
equals “0”, “1”, “2”, and "3" respectively. 

Ds4j. (41) FAjm0) 
8m.0(Si -- Sij- 1 + Si-li -- Si-ij- 1)/4 -- 
8m1(4Si -- 2Sij-1 -- Si-li -- Si-j- 1)/8 + 
6m2(4Sij -- 2Sij-1 -- Si-li -- Si-j- 1)/8 -- 
öm3(Sij - Sij- 1 -- Si-li -- Si-lj- 1)/4 
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-continued 
Ds4.j-- 1 = F(Aiml) (42) 

= 8m.0(4Si -- 2Si-li -- Sij-i -- Si-j- 1)/8 - 
öniSi -- 
8m2Si -- 
8m3(4Si -- 2Si-li -- Sij- 1 -- Si-j- 1)/8 

Ds4.j--2 = F(Aim2) (43) 
= 8m.0(4Sij - 2Si-1j -- Sij-- 1 - Si-j- 1)/8 - 

8mlSi -- 
8m2Si -- 
8m3(4Si - 2Si-1j -- Sij- 1 - Si-j-- 1)/8 

Ds4.j-3 = F(Aim3) (44) 
öm.0CSi - Si-1 - Si-j -- Si-1j-1)/4 -- 
Ömi (4Si - 2Sij-- 1 -- Si-j- Si-1j- 1)/8 -- 
6n2(4Si -- 2Sij- 1 - Si-li -- Silj- 1)/8 -- 
8m3(Si -- Sij- 1 -- Si-li -- Si-j-- 1)/4 

Thus, the data of the pixels DS4.j, DS4-1, Ds4.j--2, and 
Ds4.j+3 of the enlargement/contraction-resultant 
image can be simultaneously generated from the origi 
nal-image pixel data Sij, Si-1j, Sij-1, Si-- 1j, Sij- 1, 
Si-1j- 1, Si-j- 1, Si-- 1j-1, and Si-- 1j-1 by exe 
cuting the calculations of the equations (41), (42), (43), 
and (44) in parallel or simultaneously. 
The simultaneous execution of the calculations of the 

equations (41), (42), (43), and (44) is done by the quadru 
ple interpolation enlarging modules 140 and 141 in the 
quadruple interpolation enlarging unit 134. The quadru 
ple interpolation enlarging modules 140 and 141 have 
similar structures, and only the quadruple interpolation 
enlarging module 140 will be described in detail. As 
shown in FIG. 22, the quadruple interpolation enlarg 
ing module 140 includes interpolation calculation mod 
ules 150, 151,152, and 153 for executing the calculations 
of the equations (41), (42), (43), and (44) respectively in 
response to a control signal fed from the controller 139 
(see FIG. 20). The interpolation calculation modules 
150, 151, 152, and 153 have similar structures, and only 
the interpolation calculation module 150 will be de 
scribed in detail. 
As shown in FIG. 23, the interpolation calculation 

module 150 includes data selectors 154 and 155, 28-bit 
registers 156 and 157, leftward shifters 158 and 159, a 
28-bit adder 1510, a 28-bit register 1511, and a rightward 
shifter 1512. The data selector 154 serves to select one 
of input data MDATA and an output data from the 
register 1511. The data selector 154 outputs the selected 
data to the register 156, and the selected data is trans 
mitted to the leftward shifter 158 via the register 156. 
The leftward shifter 158 shifts the received data left 
ward by bit from 0 to 2 bits, and outputs the shift-result 
ant data to the adder 1510. The data selector 155 serves 
to select one of input data LDATA, input data 
TBDATA, and input data LTBDATA. The data selec 
tor 155 outputs the selected data to the register 157, and 
the selected data is transmitted to the leftward shifter 
159 via the register 157. The leftward shifter 159 shifts 
the received data leftward with respect to bit positions, 
and outputs the shift-resultant data to the adder 1510. 
The adder 1510 adds the output data from the leftward 
shifter 158 and the output data from the leftward shifter 
159, and stores the addition-resultant data into the regis 
ter 1511. The output data from the register 1511 is fed to 
the rightward register 1512 and also the data selector 
154. The rightward register 1512 shifts the received 
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data rightward with respect to bit positions. The output 
data from the rightward shifter 1512 is stored into the 
register 142 (see FIG. 21). 
When m=1, the interpolation calculation module 150 

executes the calculation of the equation (41) as follows. 
In this case, the reference data selector 133 (see FIG. 
20) selects original-image pixel data Sij, Sij-1, Si-1j, 
and Si-1j-1, and outputs the selected pixel data Sij, 
Sij-1, Si-1j, and Si-1j-1 to the interpolation calcu 
lation module 150 as input data MDATA, LDATA, 
TBDATA, and LTBDATA respectively. The selector 
154 selects the input data MDATA and outputs the 
selected data MDATA to the register 156, and the se 
lected data MDATA is transmitted to the leftward 
shifter 158 via the register 156. The leftward shifter 158 
shifts the received data leftward by two bits, and out 
puts the shift-resultant data to the adder 1510. The se 
lector 155 selects the input data LDATA and outputs 
the selected data LDATA to the register 157, and the 
selected data LDATA is transmitted to the leftward 
shifter 159 via the register 157. The leftward shifter 159 
shifts the received data leftward by one bit, and outputs 
the shift-resultant data to the adder 1510. The adder 
1510 adds the output data from the leftward shifter 158 
and the output data from the leftward shifter 159, and 
stores the addition-resultant data into the register 1511. 
Then, the selector 154 selects the output data from the 
register 1511 and outputs the selected data to the regis 
ter 156, and the selected data is transmitted to the left 
ward shifter 158 via the register 156. The leftward 
shifter 158 shifts the received data leftward by Obit, and 
outputs the shift-resultant data to the adder 1510. The 
selector 155 selects the input data TBDATA and out 
puts the selected data TBDATA to the register 157, and 
the selected data TBDATA is transmitted to the left 
ward shifter 159 via the register 157. The leftward 
shifter 159 shifts the received data leftward by Obit, and 
outputs the shift-resultant data to the adder 1510. The 
adder 1510 adds the output data from the leftward 
shifter 158 and the output data from the leftward shifter 
159, and stores the addition-resultant data into the regis 
ter 1511. Next, the selector 154 selects the output data 
from the register 1511 and outputs the selected data to 
the register 156, and the selected data is transmitted to 
the leftward shifter 158 via the register 156. The left 
ward shifter 158 shifts the received data leftward by 0 
bit, and outputs the shift-resultant data to the adder 
1510. The selector 155 selects the input data 
LTBDATA and outputs the selected data LTBDATA 
to the register 157, and the selected data LTBDATA is 
transmitted to the leftward shifter 159 via the register 
157. The leftward shifter 159 shifts the received data 
leftward by Obit, and outputs the shift-resultant data to 
the adder 1510. The adder 1510 adds the output data 
from the leftward shifter 158 and the output data from 
the leftward shifter 159, and stores the addition-result 
ant data into the register 1511. Then, the rightward 
shifter 1512 receives the output data from the register 
1511, and shifts the received data rightward by three 
bits. The output data from the rightward shifter 1512 is 
stored into the register 142 (see FIG. 21). 
When m=0, m=2, or n=3, the interpolation calcu 

lation module 150 executes the calculation of the equa 
tion (41) by similarly reiterating additions including 
shifting processes. It should be noted that the reference 
data selector 133 (see FIG. 20) selects original-image 
pixel data Sij, Sij-1, Si-1j, and Si--1j-1, and outputs 
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the selected pixel data Sij, Sij-1, Si--1j, and Si-1j-1 
to the interpolation calculation module 150 as input data 
MDATA, LDATA, TBDATA, and LTBDATA re 
spectively when m=2 or 3. 

Regarding the operation of the interpolation calcula 
tion modules 151,152, and 153, the reference data selec 
tor 133 (see FIG. 20) selects necessary original-image 
pixel data, and outputs the selected pixel data to the 
interpolation calculation modules 151, 152, and 153. 
Similarly to the execution of the calculation of the equa 
tion (41) by the interpolation calculation module 150, 
the interpolation calculation modules 151, 152, and 153 
execute the calculations of the equations (42), (43), and 
(44) respectively by reiterating additions including 
shifting processes. 
The interpolation calculation modules 150, 151, 152, 

and 153 simultaneously execute the calculations so that 
parallel (simultaneous) execution of the calculations of 

10 

15 

the equations (41), (42), (43), and (44) can be realized. 20 
Similarly, in the quadruple interpolation enlarging mod 
ule 141, four interpolation calculation modules realize 
parallel execution of calculations of the equations (41), 
(42), (43), and (44). 
The calculation executed by each interpolation calcu 

lation module depends on the value “m'. The value 
"m' is calculated by the sub-area row calculation unit 
130 (see FIG. 20), and the information of the calculated 
value “m' is stored into the reference data file 132 (see 
FIG. 20) together with the reference data. At the time 
of the transfer of the reference data from the reference 
data file 132 to registers within the reference data selec 
tor 133 (see FIG. 20), the information of the value "m” 
is also read out from the reference data file 132. The 
controller 139 controls each interpolation calculation 
module in response to the readout value "m' so that the 
calculation executed by the interpolation calculation 
module can depend on the value "m'. 
One interpolation calculation module generates 1 

word (1-pixel) data. Thus, one quadruple interpolation 
enlarging module generates 4-word (4-pixel) data, and 
the quadruple interpolation enlarging unit 134 generates 
8-word (8-pixel) data. 
As described previously, the data processing exe 

cuted by the quadruple interpolation enlarging unit 134 
depends on the value 'm', the information of which is 
stored into the reference data file 132 together with the 
reference data. It is unnecessary for the sub-area row 
calculation unit 130 to suspend the calculation of the 
sub-area row number until the quadruple interpolation 
enlarging unit 134 completes the processing of the refer 
ence data corresponding to the previously-calculated 
sub-area row number. Thus, when the reference data 
file 132 is fully occupied so that the reference data ad 
dress generation unit 131 suspends the address genera 
tion, the sub-area row calculation unit 130 is inhibited 
from calculating a next sub-area row number. Other 
wise, the sub-area row calculation unit 130 is permitted 
to calculate a next sub-area row number. 
The X-direction enlarging/contracting unit 135 will 

now be described in detail. In the case where the image 
enlarging/contracting apparatus is required to enlarge 
or contract an original image by P times in the X-axis 
direction, the X-direction enlarging/contracting unit 
135 processes the output data from the quadruple inter 
polation enlarging unit 134 to enlarge or contract an 
image, represented by the output data from the quadru 
ple interpolation enlarging unit 134, by P/4 times. 
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As shown in FIG. 24, the X-direction enlarging/con 

tracting unit 135 includes a mapping pattern generator 
160, a pattern register file 161, input data registers 162 
and 163, an input barrel shifter 164, a barrel selector 
165, and an output data register 166. The mapping pat 
tern generator 160 serves to produce a mapping pattern 
which is stored into the pattern register file 161. The 
pattern register file 161 has a capacity of, for example, 
128 bytes. The input data register 162 follows the regis 
ter 142 in the quadruple interpolation enlarging unit 134 
(see FIG. 21), and serves to store 8-word data. The 
input data register 163 follows the input data register 
162, and serves to store 8-word data. The input data 
registers 162 and 163 are successively followed by the 
input barrel shifter 164 and the barrel selector 165. The 
input barrel shifter 164 functions to shift input data 
leftward word by word from 0 to 7 words. The barrel 
selector 165 is connected to the pattern register file 161. 
The barrel selector 165 serves to expand or compress 
input data by a copying process or a thinning-out pro 
cess which is executed in accordance with the mapping 
pattern fed from the pattern resister file 161. The output 
data register 166 follows the barrel selector 165. The 
output data register 166 serves to store 8-word data. 
The output data register 166 is followed by the write 
data file 137 (see FIG. 20). 
The mapping pattern is a pattern composed of binary 

data which is used for mapping pixel data in accordance 
with the magnification (that is, the enlargement/con 
traction rate). The mapping pattern is previously pro 
duced by the mapping pattern generator 160 in accor 
dance with data of successive pixels in the X-axis direc 
tion, and is stored in the pattern register file 161 one 
byte by one byte. The mapping pattern is inputted into 
the barrel selector 165 one byte by one byte as a control. 
signal, and input data of successive pixels in the X-axis 
direction are processed in accordance with the mapping 
pattern. The X-direction enlarging/contracting unit 135 
executes same processing on input data for every row, 
and processing on a next row uses the same mapping 
pattern in the pattern register file 161. 
As shown in FIG. 25, the barrel selector 165 includes 

an array 165A of 64 selectors 170-1763 of a 24-bit and 
3-input 1-output type, and a pattern decoder 1764. The 
selector array 165A is connected between the input 
barrel shifter 164 and the output data register 166 (see 
FIG. 24). The selector array 165A is also connected to 
the pattern decoder 1764. The pattern decoder 1764 is 
connected to the pattern register file 161 (see FIG. 24). 
The pattern decoder 1764 generates control signals on 
the basis of the mapping pattern informed by the pattern 
register file 161. The selector array 165A has 8 rows and 
8 columns. Each of the selectors 170-1763 serves to 
select one of three pieces of 24-bit input data in accor 
dance with a control signal fed from the pattern de 
coder 1764. 

In the case where P/4< 1 so that the X-direction 
enlarging/contracting unit 135 executes a contracting 
process, the selector array 165A thins out 8-word input 
data into 2P-word or (2P+1)-word data in response 
to control signals fed from the pattern decoder 1764. 
Here, the character 2P denotes the largest integer not 
greater than the value 2P. The selector array 165A 
outputs the 2P-word or (2P+1)-word data. The 
input mapping pattern determines which of the 2P 
word data and the (2P-1)-word data should be out 
putted. 
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In the case where 1 SP/4 so that the X-direction 
enlarging/contracting unit 135 executes an enlarging 
process, the selector array 165A copies a portion of 
32/Pl-word or (32/P+1)-word input data in response 
to control signals fed from the pattern decoder 1764, 
and thereby expands the input data into 8-word data. 
Here, the character 32/P denotes the largest integer 
not greater than the value 32/P, and the number 
(32/P-1) is not greater than 8. The selector array 
165A outputs the 8-word data. The input mapping pat 
tern determines which of the 32/P-word data and the 
(32/P-1)-word data should be used as input data. 

It should be noted that the algorithm of the parallel 
(simultaneous) enlarging/contracting process executed 
by the barrel selector 165 is well-known in the art. 

It is necessary that data inputted into the barrel selec 
tor 165 is equal to data of pixels successively arranged in 
the X-axis direction at positions starting from the left 
hand edge. The input data registers 162 and 163, and the 
input barrel shifter 164 cooperate to feed input data of 
such a format to the barrel selector 165. 

In the case where P/4<1, the barrel selector 165 
receives 8-word data. Each time the barrel selector 165 
generates data, data is transferred from the input data 
register 162 to the input data register 163 while data is 
transferred from the register 142 of the quadruple inter 
polation enlarging unit 134 (see FIG. 21) to the input 
data register 162. In addition, the input barrel shifter 164 
receives data from the input data registers 162 and 163, 
and shifts the received data leftward by 0 word to en 
able a set of the data positions to start from the left-hand 
edge. 

In the case where is P/4, the barrel selector 165 
receives 32/P-word or (32/P-1)-word data, and 
thus the number of words of the received data is always 
equal to or smaller than 8. Thus, until the processing of 
all data in the input data register 163 is completed, the 
transfer of data from the input data register 162 to the 
input data register 163 remains suspended. Each time 
the processing of all data in the input data register 163 
is completed, data is transferred from the input data 
register 162 to the input data register 163 while data is 
transferred from the register 142 of the quadruple inter 
polation enlarging unit 134 (see FIG. 21) to the input 
data register 162. In this case, the amount of the data 
shift by the input barrel shifter 164 corresponds to a 
value which results from accumulatively adding the 
word numbers of the input data processed by the barrel 
selector 165. It should be noted that, in this accumula 
tive addition, 8 is subtracted from the addition result 
each time the addition result exceeds 8. Thus, until the 
processing of all data in the input data register 163 is 
completed, the word numbers continue to be accumula 
tively added. When the processing of all data in the 
input data register 163 is completed (at this time, the 
addition result exceeds 8), data is transferred from the 
input data register 162 to the input data register 163 
while data is transferred from the register 142 of the 
quadruple interpolation enlarging unit 134 (see FIG. 21) 
to the input data register 162. In addition, the amount of 
the data shift by the input barrel shifter 164 is made 
equal to the accumulative addition result minus 8. 
Thereby, the barrel selector 165 receives unprocessed 
data of pixels successively arranged in the X-axis direc 
tion at positions starting from the left-hand edge. The 
output data from the barrel selector 165, that is, the data 
selected by the selector array 165A, is stored into the 
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output data register 166, and is then transferred to the 
write data file 137 (see FIG. 20) word by word. 
With reference to FIG. 20, the sub-area row calcula 

tion unit 130 is controlled by the controller 138 so that 
the sub-area row calculation unit 130 can calculate a 
row number of an original-image sub area correspond 
ing to a row of pixels in an enlargement-contraction 
resultant image. In addition, the reference data address 
generation unit 131 is controlled by the controller 138 
so that the reference data address generation unit 13 1. 
can generate addresses of words of data in two rows 
adjacent to a corresponding sub area on the basis of the 
row number calculated by the sub-area row calculation 
unit 130. 
The reference data address generation unit 131 oper 

ates as follows. In the case where data of pixels in an 
s-th row of an enlargement/contraction-resultant image 
are required to be generated, the reference data address 
generation unit 131 produces addresses of words in an 
i-th row and an (i-1)-th row when the row number 
“m' calculated by the sub-area row calculation unit 130 
equals “0” or “1”, and produces address of words in an 
i-th row and an (i-1)-th row when the row address 
number “m' equals “2” or "3'. It should be noted that 
the number “i' satisfies the equation (17). FIGS. 26 and 
27 show an array of data of pixels which is stored in the 
source-image memory 750 (see FIG. 20). In FIGS. 26 
and 27, window regions B1 and B2 contain pixels, the 
addresses of which are generated. In order to generate 
addresses of words in the i-th row and the (i-1)-th row 
as shown in FIG. 26, the word address of the i-th row 
(j-1)-th column pixel Sij-1 is generated and then the 
word address of the (i-1)-th row (i-1)-th column pixel 
Si-1j-1 is generated. Thereafter, the word address of 
the i-th row j-th column pixel Sij, the word address of 
the (i-1)-th row j-th column pixel Si-1j, the word 
address of the i-th row (j-i-1)-th column pixel Sij-i-1, 
and the word address of the (i-1)-th row (i-1)-th 
column pixel Si-1j+1 are successively generated. In 
order to generate addresses of words in the i-throw and 
the (i+1)-th row as shown in FIG. 27, the word address 
of the i-th row (j-1)-th column pixel Sij-1 is generated 
and then the word address of the (i-1)-th row (j-1)-th 
column pixel Si-1j-1 is generated. Thereafter, the 
word address of the i-th row j-th column pixel Sij, the 
word address of the (i-1)-th row j-th column pixel 
Si-- 1j, the word address of the i-th row (j-i-1)-th col 
umn pixel Sij-i-1, and the word address of the (i-1)-th 
row (j-i-1)-th column pixel Si--1j-1 are successively 
generated. The reference data address generation unit 
131 sequentially outputs the generated addresses to the 
source-image memory 750, and the word data are se 
quentially read out from the storage segments of the 
source-image memory 750 which are designated by the 
addresses. The readout word data are stored into the 
reference data file 132 (see FIG. 20). 
The reference data file 132 includes 8 registers of the 

30-bit type. The reference data file 132 stores up to 8 
words of the data read out from the source-image mem 
ory 750. Each 1-word data read out from the source 
image memory 750 is stored into 24 upper bits of a 30-bit 
register, and 4-bit information and 2-bit information are 
stored into the remaining 6 bits of the 30-bit register. 
The 4-bit information includes data representing the 
position of the 1-word data relative to the original 
image region, more specifically 4 flag bits for indicating 
that the 1-word data is in the upper edge, the lower 
edge, the left edge, and the right edge of the original 
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image region respectively. The 2-bit information in 
cludes data representing the sub-area row number 
which is calculated by the sub-area row calculation unit 
130. 
The reference data selector 133 will now be described 

in detail. As described previously, the reference data 
selector 133 is controlled by the controller 139. The 
reference data selector 133 receives reference data from 
the reference data file 132, and subjects the received 
reference data to a selecting process. The reference data 
selector 133 feeds selected reference data LDATA, 
LTBDATA, MDATA, TBDATA, RDATA, 
RTBDATA, LDATB, LTBDATB, MDATB, 
TBDATB, RDATB, and RTBDATB to the quadruple 
interpolation enlarging unit 134. 
As shown in FIG. 28, the reference data selector 133 

includes a left reference data register 190, a main refer 
ence data register 191, a main reference data register 
192, a right reference data register 193, a left upper/- 
lower reference data register 194, an upper/lower refer 
ence data register 195, an upper/lower reference data 
register 196, and a right upper/lower reference data 
register 197. The registers 190-197 are of the 1-word 
type. The data outputted from the reference data file 
132 is stored into the registers 192, 193, 196, and 197. 
Data outputted from the left reference register 190 is 
fed to the quadruple interpolation enlarging unit 134 as 
data LDATA. Data outputted from the main reference 
register 191 is fed to the quadruple interpolation enlarg 
ing unit 134 as data MDATA and LDATB. Data out 
putted from the main reference register 192 is fed to the 
quadruple interpolation enlarging unit 134 as data 
MDATB and RDATA. Data outputted from the right 
reference register 193 is fed to the quadruple interpola 
tion enlarging unit 134 as data RDATB. Data outputted 
from the left upper/lower reference register 194 is fed 
to the quadruple interpolation enlarging unit 134 as data 
LTBDATA. Data outputted from the upper/lower 
reference register 195 is fed to the quadruple interpola 
tion enlarging unit 134 as data TBDATA and 
LTBDATB. Data outputted from the upper/lower 
reference register 196 is fed to the quadruple interpola 
tion enlarging unit 134 as data TBDATB and 
RTBDATA. Data outputted from the right upper/- 
lower reference register 197 is fed to the quadruple 
interpolation enlarging unit 134 as data RTBDATB. 

Each time the quadruple interpolation enlarging unit 
134 executes a quadruple interpolation enlarging pro 
cess, the transfer of data from the main reference data 
register 192 to the left reference data register 190, the 
transfer of data from the right reference data register 
193 to the main reference data register 191, the transfer 
of data from the right upper/lower reference data regis 
ter 197 to the upper/lower reference data register 195, 
and the transfer of data from the upper/lower reference 
data register 196 to the left upper/lower reference data 
register 194 are performed. In addition, pieces of data 
are transferred from the reference data file 132 to the 
main reference data register 192, the upper/lower refer 
ence data register 196, the right reference register 193, 
and the right upper/lower reference data register 197 in 
a sequence which agrees with the order of storing the 
pieces of the data into the reference data file 132. Ad 
dresses are generated and fed to the source-image mem 
ory 750 in the previously-mentioned sequence and 
pieces of corresponding data are read out from the 
source-image memory, and the pieces of the readout 
data are stored into the reference data file 132. Thus, in 
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the case where the quadruple interpolation enlarging 
unit 134 generates pixel data Ds4.j, DS4-4-1, DS4.j--2, 
Ds4.j--3, DS4(j-- 1), Ds4G-1)-1-1, DS4(-1)--2, and 
Ds4G+1)--3, when the addresses of words in the i-th 
Tow and the (i-1)-th row are generated as shown in 
FIG. 26, the left reference data register 190, the main 
reference data register 191, the main reference data 
register 192, the right reference data register 193, the 
left upper/lower reference data register 194, the up 
per/lower reference data register 195, the upper/lower 
reference data register 196, and the right upper/lower 
reference data register 197 are loaded with data Sij-1, 
data Sij, data Sij-i-1, data Si(1-1-1)--1, data Si-ij-1, 
data Si-1j, data Si-lj-i-1, and data Si-1 (j-i-1)+1 
respectively. On the other hand, when the addresses of 
words in the i-th row and the (i+1)-th row are gener 
ated as shown in FIG. 27, the left reference data register 
190, the main reference data register 191, the main refer 
ence data register 192, the right reference data register 
193, the left upper/lower reference data register 194, 
the upper/lower reference data register 195, the up 
per/lower reference data register 196, and the right 
upper/lower reference data register 197 are loaded with 
data Sij-1, data Sij, data Sij-i-1, data Si(j1-1-1)+-1, data 
Si--1j-1, data Si-1j, data Si-1j-i-1, and data 
Si-1 (j+1)+1 respectively. Thus, the reference data is 
correctly fed to the quadruple interpolation enlarging 
unit 134. 
The write data address generation unit 136 is con 

trolled by the controller 1310 so as to generate an ad 
dress of a storage segment of the object-image memory 
760 into which the enlargement/contraction-resultant 
data will be written. 
The write data file 137 includes a 24-bit 16-word 

register file, and is controlled by the controller 1310. 
The data generated by the X-direction enlarging/con 
tracting unit 135 is transferred from the output data 
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register 166 (see FIG. 24) to the write data file 137. 
Pieces of data are sequentially outputted from the write 
data file 137, and are sequentially written into storage 
segments of the object-image memory 760 which are 
designated by the addresses fed from the write data 
address generation unit 136. 
The operations of the devices 130-137 and the data 

transfer among the devices 130-137 are controlled in 
parallel (simultaneously) by the controllers 138, 139, 
and 1310. The devices 130-137 are separated into three 
groups, and the controllers 138, 139, and 1310 are as 
signed to the groups respectively. Thus, the control 
loads on the controllers 138, 139, and 1310 are small so 
that the above-mentioned parallel control can be real 
ized by a small circuit scale. 

It should be noted that the quadruple interpolation 
enlarging modules 140 and 141 of FIGS. 21 and 22 may 
also be made of a ROM (read only memory) storing 
data corresponding to the equations (41), (42), (43), and 
(44). In this case, data fed from the reference data selec 
tor 133 is applied to the ROM as an address, and inter 
polation data is outputted from the ROM. 
The controllers 138, 139, and 13 10 may also be con 

posed of a multi-process MPU (micro processing unit) 
which simultaneously execute a plurality of processes 
for controlling the devices 130-137. 
What is claimed is: 
1. An apparatus for processing image data to enlarge 

and contract an original image, represented by the data, 
by Ptimes in an X-axis direction while interpolating the 
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data, P denoting an arbitrary positive rational number, 
the apparatus comprising: 
means for allowing a supposition that each of regions 
among pixels of the original image is divided into 
sub areas having a number of N by M, that is, N in 
the X-axis direction and M in a Y-axis direction, N 
denoting an arbitrary integer equal to or greater 
than 2, M denoting an arbitrary integer equal to or 
greater than 1; 

an N-time interpolation enlarging means for execut 
ing an interpolation process determined by an 
original-image sub area corresponding to a pixel of 
an enlargement/contraction-resultant image while 
simultaneously generating a plurality of pieces of 
process-resultant data representing a part of an 
image enlarged from the original image by N times 
in the X-axis direction; and 

an arbitrary-magnification enlarging/contracting 
means for subjecting the plurality of the pieces of 
the process-resultant data to image enlargement 
and contraction at an arbitrary magnification in the 
X-axis direction without executing interpolation, 
and thereby for processing the plurality of the 
pieces of the process-resultant data to enlarge and 
contract an image, represented by the plurality of 
the pieces of the process-resultant data, by P/N 
times in the X-axis direction. 

2. An apparatus for processing image data to enlarge 
and contract an original image, represented by the data, 
by P times in an X-axis direction and Q times in a Y-axis 
direction while interpolating the data, P and Q denoting 
arbitrary positive rational numbers respectively, the 
apparatus comprising: 
means for allowing a supposition that each of regions 
among pixels of the original image is divided into 
sub areas having a number N by M, that is, N in the 
X-axis direction and M in a Y-axis direction, N 
denoting an arbitrary integer equal to or greater 
than 2, M denoting an arbitrary integer equal to or 
greater than i; 

an N-time interpolation enlarging means for execut 
ing an interpolation process determined by an 
original-image sub area corresponding to a pixel of 
an enlargement/contraction-resultant image while 
simultaneously generating a plurality of pieces of 
process-resultant data representing a part of an 
image enlarged from the original image by N times 
in the X-axis direction; 

arbitrary-magnification enlarging/contracting 
means for subjecting the plurality of the pieces of 
the process-resultant data to image enlargement 
and contraction at an arbitrary magnification in the 
X-axis direction without executing interpolation, 
and thereby for processing the plurality of the 
pieces of the process-resultant data to enlarge and 
contract an image, represented by the plurality of 
the pieces of the process-resultant data, by P/N 
times in the X-axis direction; 

a Sub-area row calculating means for calculating a 
row number of an original-image sub area corre 
sponding to pixels in a same row of an enlar 
gement/contraction-resultant image, the row ex 
tending in the X-axis direction; 

a reference data address generating means for gener 
ating addresses of pixel data on a source-image 
memory to which the N-time interpolation enlarg 
ing means refers; 
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a selecting means for selecting a plurality of data from 
among data read out from the source-image men 
ory as reference data, wherein the reference data 
selected by the selecting means are referred to by 
the N-time interpolation enlarging means every 
process; 

a write data address generating means for generating 
an address on an object-image memory into which 
data processed by the arbitrary-magnification en 
larging/contracting means is written; and 

a control means for controlling transfer of the plural 
ity of the image data from the N-time interpolation 
enlarging means to the arbitrary-magnification 
enlarging/contracting means. 

3. An apparatus for processing image data to enlarge 
and contract an original image, represented by the data, 
by Ptimes in an X-axis direction and Q times in a Y-axis 
direction while interpolating the data, P and Q denoting 
arbitrary positive rational numbers respectively, the 
apparatus comprising: 
means for allowing a supposition that each of regions 
among pixels of the original image is divided into 
sub areas having a number N by M, that is, N in the 
X-axis direction and M in a Y-axis direction, N 
denoting an arbitrary integer equal to or greater 
than 2, M denoting an arbitrary integer equal to or 
greater than 1; 

an N-time interpolation enlarging means for execut 
ing an interpolation process determined by an 
original-image sub area corresponding to a pixel of 
an enlargement/contraction-resultant image while 
simultaneously generating a plurality of pieces of 
process-resultant data representing a part of an 
image enlarged from the original image by N times 
in the X-axis direction; 

an arbitrary-magnification enlarging/contracting 
means for subjecting the plurality of the pieces of 
the process-resultant data to image enlargement 
and contraction at an arbitrary magnification in the 
X-axis direction without executing interpolation, 
and thereby for processing the plurality of the 
pieces of the process-resultant data to enlarge and 
contract an image, represented by the plurality of 
the pieces of the process-resultant data, by P/N 
times in the X-axis direction; 

a sub-area row calculating means for calculating a 
row number of an original-image sub area corre 
sponding to pixels in a same row of an enlar 
gement/contraction-resultant image, the row ex 
tending in the X-axis direction; 

a reference data address generating means for gener 
ating addresses of pixel data on a source-image 
memory to which the N-time interpolation enlarg 
ing means refers; 

a selecting means for selecting a plurality of data from 
among data read out from the source-image mem 
ory as reference data, wherein the reference data 
selected by the selecting means are referred to by 
the N-time interpolation enlarging means every 
process; w 

a Write data address generating means for generating 
an address on an object-image memory into which 
data processed by the arbitrary-magnification en 
larging/contracting means is written; 

a control means for controlling transfer of the plural 
ity of the image data from the N-time interpolation 
enlarging means to the arbitrary-magnification 
enlarging/contracting means; and 
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an interpolation information adding means for adding 
information to original-image data read out from 
the source-image memory, the information repre 
senting the sub-area row number calculated by the 
sub-area row calculating means; 

wherein the N-time interpolation enlarging means pro 
cesses the original-image data into the plurality of the 
pieces of the process-resultant data on the basis of the 
information added by the interpolation information 
adding means, and the arbitrary-magnification enlar 
ging/contracting means processes the plurality of the 
pieces of the process-resultant data to enlarge and con 
tract an image, represented by the plurality of the pieces 
of the process-resultant data, by P/N times in the X-axis 
direction. 

4. The apparatus of claim 1, wherein the N-time inter 
polation enlarging means comprises an N-time interpo 
lation enlarging unit which includes a plurality of N 
time interpolation enlarging modules and a memory 
means for storing data processed and outputted by the 
N-time interpolation enlarging modules, and wherein 
the N-time interpolation enlarging modules include N 
interpolation calculation modules which determine in 
terpolation calculation equations for the N by M sub 
areas respectively, and which combine the interpolation 
calculation equations for respective N columns, extend 
ing in the Y-axis direction, of the sub areas, the interpo 
lation calculation equations having functions of image 
data in positions adjacent to the corresponding sub 
aea.S. 

5. The apparatus of claim 2, wherein the N-time inter 
polation enlarging means comprises an N-time interpo 
lation enlarging unit which includes a plurality of N 
time interpolation enlarging modules and a memory 
means for storing data processed and outputted by the 
N-time interpolation enlarging modules, and wherein 
the N-time interpolation enlarging modules include N 
interpolation calculation modules which determine in 
terpolation calculation equations for the N by M sub 
areas respectively, and which combine the interpolation 
calculation equations for respective N columns, extend 
ing in the Y-axis direction, of the sub areas, the interpo 
lation calculation equations having functions of image 
data in positions adjacent to the corresponding sub 
aCaS. 

6. The apparatus of claim3, wherein the N-time inter 
polation enlarging means comprises an N-time interpo 
lation enlarging unit which includes a plurality of N 
time interpolation enlarging modules and a memory 
means for storing data processed and outputted by the 
N-time interpolation enlarging modules, and wherein 
the N-time interpolation enlarging modules include N 
interpolation calculation modules which determine in 
terpolation calculation equations for the N by M sub 
areas respectively, and which combine the interpolation 
calculation equations for respective N columns, extend 
ing in the Y-axis direction, of the sub areas, the interpo 
lation calculation equations having functions of image 
data in positions adjacent to the corresponding sub 
area.S. 

7. The apparatus of claim 1, wherein an input side of 
the arbitrary-magnification enlarging/contracting 
means and an output side of the N-time interpolation 
enlarging means are connected by an exclusive data bus. 

8. The apparatus of claim 2, wherein an input side of 
the arbitrary-magnification enlarging/contracting 
means and an output side of the N-time interpolation 
enlarging means are connected by an exclusive data bus. 
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9. The apparatus of claim 3, wherein an input side of 

the arbitrary-magnification enlarging/contracting 
means and an output side of the N-time interpolation 
enlarging means are connected by an exclusive data bus. 

10. The apparatus of claim 4, wherein an inputside of 
the arbitrary-magnification enlarging/contracting 
means and an output side of the N-time interpolation 
enlarging means are connected by an exclusive data bus. 

11. The apparatus of claim 5, wherein an input side of 
the arbitrary-magnification enlarging/contracting 
means and an output side of the N-time interpolation 
enlarging means are connected by an exclusive data bus. 

12. The apparatus of claim 6, wherein an input side of 
the arbitrary-magnification enlarging/contracting 
means and an output side of the N-time interpolation 
enlarging means are connected by an exclusive data bus. 

13. The apparatus of claim 2, wherein the control 
means comprises a control circuit including a program 
mable logic array. 

14. The apparatus of claim 2, further comprising a 
second control means for controlling the N-time inter 
polation enlarging means, the arbitrary-magnification 
enlarging/contracting means, the sub-area row calcu 
lating means, the reference data address generating 
means, the selecting means, and the write data address 
generating means, and wherein the second control 
means and the control means for controlling transfer of 
the plurality of the image data from the N-time interpo 
lation enlarging means to the arbitrary-magnification 
enlarging/contracting means comprise a control circuit 
including a programmable logic array. 

15. The apparatus of claim 3, further comprising a 
second control means for controlling the N-time inter 
polation enlarging means, the arbitrary-magnification 
enlarging/contracting means, the sub-area row calcu 
lating means, the reference data address generating 
means, the selecting means, the write data address gen 
erating means, and the interpolation information adding 
means, and wherein the second control means and the 
control means for controlling transfer of the plurality of 
the image data from the N-time interpolation enlarging 
means to the arbitrary-magnification enlarging/con 
tracting means comprise a control circuit including a 
programmable logic array. 

16. The apparatus of claim 5, further comprising a 
second control means for controlling the N-time inter 
polation enlarging means, the arbitrary-magnification 
enlarging/contracting means, the sub-area row calcu 
lating means, the reference data address generating 
means, the selecting means, and the write data address 
generating means, and wherein the second control 
means and the control means for controlling transfer of 
the plurality of the image data from the N-time interpo 
lation enlarging means to the arbitrary-magnification 
enlarging/contracting means comprise a control circuit 
including a programmable logic array. 

17. The apparatus of claim 6, further comprising a 
second control means for controlling the N-time inter 
polation enlarging means, the arbitrary-magnification 
enlarging/contracting means, the sub-area row calcu 
lating means, the reference data address generating 
means, the selecting means, the write data address gen 
erating means, and the interpolation information adding 
means, and wherein the second control means and the 
control means for controlling transfer of the plurality of 
the image data from the N-time interpolation enlarging 
means to the arbitrary-magnification enlarging/con 
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tracting means comprise a control circuit including a 
programmable logic array. 

18. The apparatus of claim 8, further comprising a 
second control means for controlling the N-time inter 
polation enlarging means, the arbitrary-magnification 
enlarging/contracting means, the sub-area row calcu 
lating means, the reference data address generating 
means, the selecting means, and the write data address 
generating means, and wherein the second control 
means and the control means for controlling transfer of 10 
the plurality of the image data from the N-time interpo 
lation enlarging means to the arbitrary-magnification 
enlarging/contracting means comprise a control circuit 
including a programmable logic array. 

19. The apparatus of claim 9, further comprising a 
second control means for controlling the N-time inter 
polation enlarging means, the arbitrary-magnification 
enlarging/contracting means, the sub-area row calcu 
lating means, the reference data address generating 
means, the selecting means, the write data address gen 
erating means, and the interpolation information adding 
means, and wherein the second control means and the 
control means for controlling transfer of the plurality of 
the image data from the N-time interpolation enlarging 
means to the arbitrary-magnification enlarging/con 
tracting means comprise a control circuit including a 
programmable logic array. 

20. The apparatus of claim 11, further comprising a 
second control means for controlling the N-time inter 
polation enlarging means, the arbitrary-magnification 
enlarging/contracting means, the sub-area row calcu 
lating means, the reference data address generating 
means, the selecting means, and the write data address 
generating means, and wherein the second control 
means and the control means for controlling transfer of 
the plurality of the image data from the N-time interpo 
lation enlarging means to the arbitrary-magnification 
enlarging/contracting means comprise a control circuit 
including a programmable logic array. . 

21. The apparatus of claim 12, further comprising a 
second control means for controlling the N-time inter 
polation enlarging means, the arbitrary-magnification 
enlarging/contracting means, the sub-area row calcu 
lating means, the reference data address generating 
means, the selecting means, the write data address gen 
erating means, and the interpolation information adding 
means, and wherein the second control means and the 
control means for controlling transfer of the plurality of 
the image data from the N-time interpolation enlarging 
means to the arbitrary-magnification enlarging/con 
tracting means comprise a control circuit including a 
programmable logic array. 

22. The apparatus of claim 14, wherein the second 
control means and the control means for controlling 
transfer of the plurality of the image data from the 
N-time interpolation enlarging means to the arbitrary 
magnification enlarging/contracting means comprise at 
least two control circuits including respective program 
mable logic arrays. 

23. The apparatus of claim 2, further comprising a 
second control means for controlling the N-time inter 
polation enlarging means, the arbitrary-magnification 
enlarging/contracting means, the sub-area row calcu 
lating means, the reference data address generating 
means, the selecting means, and the write data address 
generating means, and wherein the second control 
means and the control means for controlling transfer of 
the plurality of the image data from the N-time interpo 
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lation enlarging means to the arbitrary-magnification 
enlarging/contracting means comprise a multi-process 
micro processing unit for simultaneously executing a 
plurality of processes to execute said controlling. 

24. The apparatus of claim 3, further comprising a 
second control means for controlling the N-time inter 
polation enlarging means, the arbitrary-magnification 
enlarging/contracting means, the sub-area row calcu 
lating means, the reference data address generating 
means, the selecting means, the write data address gen 
erating means, and the interpolation information adding 
means, and wherein the second control means and the 
control means for controlling transfer of the plurality of 
the image data from the N-time interpolation enlarging 
means to the arbitrary-magnification enlarging/con 
tracting means comprise a multi-process micro process 
ing unit for simultaneously executing a plurality of pro 
cesses to execute said controlling. 

25. The apparatus of claim 5, further comprising a 
second control means for controlling the N-time inter 
polation enlarging means, the arbitrary-magnification 
enlarging/contracting means, the sub-area row calcu 
lating means, the reference data address generating 
means, the selecting means, and the write data address 
generating means, and wherein the second control 
means and the control means for controlling transfer of 
the plurality of the image data from the N-time interpo 
lation enlarging means to the arbitrary-magnification 
enlarging/contracting means comprise a multi-process 
micro processing unit for simultaneously executing a 
plurality of processes to execute said controlling. 

26. The apparatus of claim 6, further comprising a 
second control means for controlling the N-time inter 
polation enlarging means, the arbitrary-magnification 
enlarging/contracting means, the sub-area row calcu 
lating means, the reference data address generating 
means, the selecting means, the write data address gen 
erating means, and the interpolation information adding 
means, and wherein the second control means and the 
control means for controlling transfer of the plurality of 
the image data from the N-time interpolation enlarging 
means to the arbitrary-magnification enlarging/con 
tracting means comprise a multi-process micro process 
ing unit for simultaneously executing a plurality of pro 
cesses to execute said controlling. 

27. The apparatus of claim 8, further comprising a 
second control means for controlling the N-time inter 
polation enlarging means, the arbitrary-magnification 
enlarging/contracting means, the sub-area row calcu 
lating means, the reference data address generating 
means, the selecting means, and the write data address 
generating means, and wherein the second control 
means and the control means for controlling transfer of 
the plurality of the image data from the N-time interpo 
lation enlarging means to the arbitrary-magnification 
enlarging/contracting means comprise a multi-process 
micro processing unit for simultaneously executing a 
plurality of processes to execute said controlling. 

28. The apparatus of claim 9, further comprising a 
second control means for controlling the N-time inter 
polation enlarging means, the arbitrary-magnification 
enlarging/contracting means, the sub-area row calcu 
lating means, the reference data address generating 
means, the selecting means, the write data address gen 
erating means, and the interpolation information adding 
means, and wherein the second control means and the 
control means for controlling transfer of the plurality of 
the image data from the N-time interpolation enlarging 
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means to the arbitrary-magnification enlarging/con 
tracting means comprise a multi-process micro process 
ing unit for simultaneously executing a plurality of pro 
cesses to execute said controlling. 

29. The apparatus of claim 11, further comprising a 
second control means for controlling the N-time inter 
polation enlarging means, the arbitrary-magnification 
enlarging/contracting means, the sub-area row calcu 
lating means, the reference data address generating 
means, the selecting means, and the write data address 
generating means, and wherein the second control 
means and the control means for controlling transfer of 
the plurality of the image data from the N-time interpo 
lation enlarging means to the arbitrary-magnification 
enlarging/contracting means comprise a multi-process 
micro processing unit for simultaneously executing a 
plurality of processes to execute said controlling. 

30. The apparatus of claim 12, further comprising a 
second control means for controlling the N-time inter 
polation enlarging means, the arbitrary-magnification 
enlarging/contracting means, the sub-area row calcu 
lating means, the reference data address generating 
means, the selecting means, the write data address gen 
erating means, and the interpolation information adding 
means, and wherein the second control means and the 
control means for controlling transfer of the plurality of 
the image data from the N-time interpolation enlarging 
means to the arbitrary-magnification enlarging/con 
tracting means comprise a multi-process micro process 
ing unit for simultaneously executing a plurality of pro 
cesses to execute said controlling. 

31. An apparatus for processing image data to enlarge 
and contract an original image, represented by the 
image data, by P times in a given direction while inter 
polating the image data, P denoting a predetermined 
positive rational number, the apparatus comprising: 
an N-time interpolation enlarging means for interpo 

lating the image data into first process-resultant 
data representing a first process-resultant image 
enlarged from the original image by N times in the 
given direction, wherein the N-time interpolation 
enlarging means comprises means for simulta 
neously generating a plurality of signals represent 
ing a plurality of pieces of the first process-result 
ant data; and 

a P/N-time non-interpolation enlarging/contracting 
means responsive to said plurality of signals from 
said interpolation enlarging means for processing 
said plurality of signals representing the first proc 
ess-resultant data into further signals representing 
second process-resultant data without interpola 
tion, the second process-resultant data representing 
a second process-resultant image enlarged or con 
tracted from the first process-resultant image by 
P/N times in the given direction, said enlarging 
/contracting means processing the pieces of the 
first process-resultant data to enlarge and contract 
an image represented thereby by P/N times in the 
given direction. 

32. An apparatus for processing image signals repre 
sentative of image data to enlarge and contract an origi 
nal image, represented by the image data, by P times in 
an X-axis direction while interpolating the image data, 
P denoting a predetermined positive rational number, 
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the image data representing states of respective pixels of 
the original image, the apparatus comprising: 
means for dividing each of regions among pixels of 

the original image into sub areas having a number 
of N by M, that is, N in the X-axis direction and M 
in a Y-axis direction perpendicular to the X-axis 
direction, N denoting a predetermined integer 
equal to or greater than 2, M denoting a predeter 
mined integer equal to or greater than 1; 

an N-time interpolation enlarging means receiving 
said image signals for interpolating the image data 
of said image signals into first process-resultant 
data representing states of respective pixels of a 
first process-resultant image enlarged from the 
original image by N times in the X-axis direction, 
wherein the N-time interpolation enlarging means 
comprises means for determining a sub area of the 
original image which corresponds to each interpo 
lated pixel of the first process-resultant image, 
means for determining a state of the interpolated 
pixel of the first-process-resultant image on the 
basis of states of pixels of the original image which 
are adjacent to the determined sub area of the origi 
nal image, and means for simultaneously generat 
ing a plurality of signals representing a plurality of 
pieces of the first process-resultant data which 
represent states of a plurality of pixels of the first 
process-resultant image; and 

a P/N-time enlarging/contracting means responsive 
to said plurality of signals from said interpolation 
enlarging means for processing said plurality of 
signals representing the first process-resultant data 
into further signals representing second process 
resultant data without interpolation, the second 
process-resultant data representing states of respec 
tive pixels of a second process-resultant image en 
larged or contracted from the first process-result 
antimage by P/N times in the X-axis direction, said 
enlarging/contracting means processing the pieces 
of the first process-resultant data to enlarge and 
contract an image represented thereby by P/N 
times in the X-axis direction. 

33. A method of processing image data to enlarge and 
contract an original image, represented by the image 
data, by P times in a given direction while interpolating 
the image data, P denoting a predetermined positive 
rational number, the method comprising the steps of: 

interpolating the image data into first process-result 
ant data representing a first process-resultant image 
enlarged from the original image by N times in the 
given direction, wherein the interpolating step 
comprises simultaneously generating a plurality of 
signals representing a plurality of pieces of the first 
process-resultant data; and 

enlarging or contracting said first process-resultant 
image by processing said plurality of signals repre 
senting the first process-resultant data into further 
signals representing second process-resultant data 
without interpolation, the second process-resultant 
data representing a second process-resultant image 
enlarged or contracted from the first process 
resultant image by P/N times in the given direc 
tion, whereby an image represented by the pieces 
of the first process-resultant data is enlarged and 
contracted by P/N times in the given direction. 
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